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This thesis sets out to establish whether low impact urban design structures can be retrofitted into existing urban catchments and what cleaning efficiencies multiple systems 
could achieve. Christchurch City has an intimate relationship with its waterways and wetlands, with two major lowland rivers, the Avon and Heathcote dissecting the city 
centre and surrounding suburbs. The large volume of  stormwater runoff  that enters these urban river networks, increase flooding, endanger private and public infrastructure, 
decrease water quality and causes erosion to riverbanks, destroying wildlife habitats. The Canterbury Regional Council is in the process of  setting new stormwater discharge 
requirements for water that is discharged into existing river networks. Improving the quality of  stormwater runoff  is a challenge in existing urban areas, where land available 
for the development is scarce. Treatment systems such as swales, detention basins and constructed wetlands are widely acknowledged to be able to reduce pollution levels in 
contaminated stormwater. Many of  these systems require large land areas, making them difficult to retrofit into existing developed sites. To be able to retrofit the Avon River 
catchment with low impact urban design (LIUD) structures, a fully integrated approach to stormwater management is needed, treating stormwater produced by different 
land use types as close to the source as possible. Existing research into the treatment abilities of  LIUD structures is based around a single system, not what the pollution 
removal efficiencies would be if  multiple smaller systems were combined. To establish if  it is physically possible to retrofit the Avon River catchment with LIUD structures 
and whether these structures can treat all of  the stormwater produced, a typical sub-catchment has been chosen. This sub-catchment will represent the various land use types 
found throughout the Avon River Catchment. The best LIUD structures for each land use have been explored through a series of  cases studies based on each land use type; 
what their cleaning abilities are; and the benefits integrated stormwater management can provide to the local community and environment. These case studies established 
that it is physically possible to retrofit existing urban environments with LIUD structures, treating all of  the stormwater produced by small storm events. Larger events, such 
as the volumes produced by a one in fifty year flood, however, are not able to be addressed through retrofitting strategies. The case studies also demonstrated that using an 
integrated approach would reduce stormwater contaminate levels by an average of  fifty percent for small storm events and forty percent for larger storm events. Nonetheless, 
this significant reduction in pollution levels it is not enough to meet the Regional Councils proposed stormwater discharge requirements for urban rivers. To increase pollution 
removal rates the volumes of  stormwater being treated would need to be significantly reduced. Further research into how this can be achieved is needed.
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Chapter One: Introduction
This thesis sets out to establish whether integrated stormwater management is an appropriate management tool to 
use for the surface water resources in Christchurch City, and if  so what specific systems would be most appropriate 
to use in areas of  existing urban development and the benefits these systems can provide. The following investigation 
will focus on publicly owned land, such as road verges and reserves, with the exception of  land in the business areas, 
which is privately owned but predominantly used by the public.
1.0 Integrated Stormwater Management
Urban expansion has the ability to transform natural and local environments for better or worse.   Urbanization has 
major impacts on the earth’s natural cycles, such as disrupting hydrological flows, destroying natural habitats, reducing 
species composition and altering energy and nutrient cycles. Urban intensification often leads to vegetation clearing, 
soil compaction, the ditching and draining of  swamps and wetlands and the covering of  the land with impervious 
surfaces, such as roads and roofs (Alberti et al., 2007). Natural landscapes manage rainfall through a combination 
of  evapotranspiration, infiltration and runoff. The ratio of  all three differs from landscape to landscape depending 
on the climatic conditions, but all three are critical to the health of  our ecosystems (Echols, 2008). 
It is predicted that sixty percent of  the worlds population will be living in urban environments by 2020, putting 
further strain on many natural systems, such as urban water infrastructure, open green space and areas of  natural 
habitat (Hatt, Deletic, & Fletcher, 2006). It is important that both resource planning and management recognize 
the impact that greater urban development has on the environment, especially water based systems (Goonetilleke, 
Thomas, Ginn, & Gilbert, 2005). Excess stormwater runoff  leads to deterioration in water quality, stream and 
riverbed habitats and increases the likelihood of  flooding. (Goonetilleke et al., 2005).
The current model for dealing with stormwater originated in the 19th century when urban populations were 
relatively small, water was considered abundant and the natural environment was considered relatively benign 
(Vairavamoorthy, 2009). The current system sees gutters and sewers laid out in urbanized areas to convey runoff  
as rapidly as possible away from the many impervious surfaces and into the nearest river network (Alberti et al., 
2007). These conventional systems are vital infrastructure in many cities around the world for flood protection. 
Without extreme weather events they are usually sufficient in dealing with the quantity of  water, but not the quality 
(Vincent, 2010). 
Most cities around the world and in New Zealand have structural drainage systems in place that control, collect 
and then convey stormwater runoff  into multiple discharge points into receiving water bodies. This system takes 
diffuse pollution from a large area and turns it into a point source discharge where it enters the water body (Davis 
& Birch, 2009). One of  the problems with the traditional reticulated system currently used is that it does not treat 
diffuse pollution in any way before it reaches the streams and rivers. Being “diffuse pollution” there is no single 
point of  discharge and therefore it is difficult to implement structures that can treat the pollution before it enters 
the waterways (D’Arcy & Frost, 2001). This is where integrated stormwater management can be most effective as it 
takes into consideration the impacts to the entire water cycle of  a catchment instead of  just a single site. Integrated 
stormwater management encourages the use of  stormwater systems that not only collect and convey stormwater, 
but also reduce diffuse pollution levels and water velocity, while increasing areas of  vegetation and habitat. The 
literature above leads us to ask: is integrated stormwater management appropriate to use in existing areas of  urban 
Christchurch, and what other benefits are provided to the community and environment in retrofitting these existing 
stormwater system?
1.1 Low Impact Urban Design Development
A term that is used in New Zealand to describe sustainable design processes such as integrated stormwater 
management is: ‘Low Impact Urban Design Development’. The term ‘low impact’ refers to the effect that we 
should be having on our surrounding environments, such as land, water, air, animals and plant life, to help sustain 
these resources for future generations. The ‘design development’ refers to the approaches, ideas and practices 
used to ensure that our activities and actions do not degrade or destroy the natural processes and resources (Van 
Roon & Van Roon, 2009). Increasingly, researchers and practitioners are recognizing that creating small, integrated 
stormwater systems distributed throughout urban catchments is a sustainable way of  managing urban stormwater 
(Echols, 2008). These smaller systems are sometimes referred to as best management practices (BMP’s). This 
term is used for structures that mimic natural hydrological processes such as ponds that detain or retain water 
through to various surface systems that allow for infiltration (Villarreal, Semadeni-Davies, & Bengtsson, 2004). 
The goal of  these systems is to reduce the impact of  land use on the water quantity and quality, by returning water 
to the hydrological cycle through more natural means (Echols, 2008).  This shift leads towards a more integrated 
urban water management system that reconsiders the way in which urban water is used and re-used. Interventions 
should be made over the entire catchment rather than just certain parts of  it (Vairavamoorthy, 2009). Low impact 
urban design structures positioned at the source of  stormwater runoff  such as roof  tops, roadways and other 
impervious surfaces can reduce the need for larger infrastructure further down stream (Hatt et al., 2006). 
There is a suite of  low impact urban design structures that are becoming more commonplace in the design of  our 
urban environments, such as sedimentation ponds, bio-retention basins, artificial wetlands, green roofs, source 
control and education (Davis & Birch, 2009). When trying to implement these structures within highly urbanized 
environments such as Christchurch City, existing development can severely restrict the options available, due to 
lack of  space and existing infrastructure that cannot be moved. Ad hoc development of  LIUD structures, as 
stand-alone elements is not effective in producing significant water quality improvements downstream (Davis 
& Birch, 2009). With limited space available in urban environments, developers and designers need to create 
buildings, car parks and roadways that provide multiple uses such as treating stormwater and providing recreation 
areas for the community (Carter & Jackson, 2007). The implementation of  LIUD structures can also provide key 
educational tools and visual examples for the local community to help them better understand the issues associated 
with urban stormwater pollution and how to mitigate these problems. To date (February 2011) there has been 
little research into the combined performances of  integrated structures such as swales, detention basins and rain 
gardens implemented throughout an entire catchment. Previous studies have often only considered the nutrient 
removal efficiency of  a single site and system and not what the combined performances of  multiple systems 
would be if  implemented throughout an entire catchment. The literature that is to follow investigates a number 
of  commonly accepted LIUD systems, their cleaning abilities and what other advantages and disadvantages each 
system can provide. Three case studies will be investigated to establish: What is the best combination of  LIUD 
systems to use for each of  the typical land use types found in the Avon River catchment?
1.2 Christchurch City Drainage
Christchurch City is covered with a high percentage of  impervious surfaces meaning that the majority of  
stormwater runoff  within the city is being discharged into either the Avon or Heathcote Rivers with little or no 
treatment at all (Christchurch City Council, 2009). The springs, streams, rivers and lakes are one of  Christchurch’s 
defining features and are intricately linked to both the cultural and economic history of  Christchurch. All of  
the rivers and streams in Christchurch are spring fed and closely linked to groundwater supplies. The Avon and 
Heathcote Rivers have some of  the poorest water quality of  all the rivers in the Christchurch region due to their 
highly urbanized catchments. Both rivers have recorded high levels of  bacteria and heavy metals due in part to 
polluted stormwater discharges (Christchurch City Council, 2009). 
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There are a number of  goals that the Christchurch City Council wish to achieve in relation to the management of  
surface water resources in Christchurch, they are:
• Improve the water quality 
• Reduce the adverse effects of  flooding 
• Improve ecosystem health 
• Protect and restore Ngai Tahu values 
• Support a range of  recreational activities on and around waterways
• Protect heritage values 
• Protect and enhance the landscape values
• Support community involvement in surface water management 
 (Christchurch City Council, 2009). 
The Christchurch City Council has spent time and effort over the last decade doing restoration work on the various 
estuary habitats as well as many of  the smaller streams, rivers and utility drains found within Christchurch City. 
Recently a considerable amount of  money has been spent installing a new sewerage outfall pipe that no longer sees 
treated wastewater discharged into the Avon-Heathcote Estuary. This greatly reduces the high levels of  nutrients 
entering the estuary. Yet to date (February 2011), little work has been done to stop other equally harmful pollutants 
such as heavy metals and hydrocarbons from entering the rivers and ultimately the estuary from stormwater drains 
further up the Avon River. In 2004 the Natural Resources Regional Plan (NRRP) created by Environment Canterbury 
was publicly notified. This plan requires the City Council to create integrated catchment management plans for all 
of  the major river networks as well as obtain resource consent to discharge contaminated stormwater into any of  
these management networks. The discharged stormwater will then have to meet the water quality requirements set 
out in schedule WQL1 of  the NRRP (MWH New Zealand Limited, 2008).
The implementation of  low impact urban design structures in the Avon River catchment will help to achieve the 
above stated goals as well as a number of  others, such as more open green space, enhancing biodiversity, creating 
habitat, while also providing green streets and more natural play areas (Christchurch City Council, 2001). The city 
council has made a fundamental change in the way that it sees its waterways and wetlands; these are no longer just 
a means to remove water from the Christchurch region but are seen as valuable resources instead. Where once the 
main aim was efficient drainage through the use of  rivers, these water bodies are now seen as valuable ecosystems, 
recreational facilities and cultural heritage sites (Christchurch City Council, 2003a). It is now becoming a priority for 
the City Council to apply these same holistic views to the way that it manages its reticulated stormwater network. It 
is no longer acceptable for contaminated stormwater to continue to be discharged in the river environments. This 
led us to ask: what removal efficiency could multiple LIUD systems achieve? And is it possible to treat contaminated 
stormwater to the levels required by Environment Canterbury?
1.3 Avon River Catchment
The Avon River begins and finishes within the Christchurch City boundary and was chosen as a case study site for 
its highly urbanized nature. With seventy-three percent of  the Avon River catchment zoned for urban land use, it is 
the most developed of  all the catchments within the Christchurch City boundary. Development pressures over the 
last few decades have caused extensive modification to much of  its network. The health of  the Avon River has been 
severely impacted by urbanization due to reduced base flows, sedimentation, loss of  bank vegetation and tributary 
habitat and through the release of  dissolved and suspended contaminants. These factors are continuing to have an 
effect on the health of  this iconic river. 
The Avon River is a significant feature in Christchurch City and is a major contributor of  naturalness to the 
surrounding urban areas (MWH New Zealand Limited, 2008). Because the Avon is situated in predominantly 
existing urban development it provides the perfect research site to establish: Is it physically possible to retrofit 
the Avon River catchment with low impact urban design structures? If  so can these systems treat all of  the water 
produced by the catchment?
The Avon River catchment is made up of  numerous sub-catchments. These sub-catchments all discharge their 
stormwater either directly into the Avon River or one of  its many feeder tributaries. The Swanns Road catchment 
was chosen as a typical sub-catchment because it has a single discharge point into the river and a number of  
different land-use types that are commonly found throughout the Avon River catchment. These land-use types 
include low to medium density residential, business areas with large sections of  impervious surfaces and an area 
of  open green space. 
1.4 Swanns Road Catchment
The Swanns Road site will be used to create a number of  theoretical models on how LIUD structures can be 
retrofitted into the various land-use types and what their cleaning abilities would be for various storm events. 
These case studies will also explore what other benefits integrated stormwater management can bring to the local 
community. Each case study site will compare different LIUD structures to establish which is most suited to 
that given land-use type and which has the highest pollution removal efficiency. The results from the individual 
models will then be combined to assess the benefits for the entire sub-catchment. The water quality results for 
the sub-catchment can then be assessed against the discharge requirements set out in the NRRP to establish if  
it is possible for an existing urban catchment such as the Swanns Road catchment and ultimately the Avon River 
catchment to meet the new stormwater quality requirements using integrated stomwater management.
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Chapter Two: Methodology
2.0 Research Objectives and Questions
The research background leads us to firstly ask, is integrated stormwater management an appropriate tool to use 
in existing areas of  urban Christchurch? Also, what benefits are provided to the local community and environment 
by retrofitting the existing stormwater network within the Avon River Catchment? The Christchurch City Council 
also wishes to know what the best options are in relation to the use of  low impact urban design systems in helping 
to form an integrated stormwater network that best fits Christchurch’s land use and climatic conditions. These land 
use types vary from dense commercial buildings, residential properties and open green space. Each land use type 
has different requirements for retrofitting LIUD structures based on the amount of  stormwater and pollutants 
produced by the catchment and the space available for implementing a new integrated system. 
The Avon River begins and finishes within the Christchurch City boundary and was chosen for its highly urbanized 
nature. There are numerous sub catchments that make up the Avon River catchment, with many of  these catchments 
having a single discharge point directly into the river. To help establish the best LIUD systems to use in the Avon 
River Catchment, a typical sub catchment (Swanns Road catchment) was used to assess the following objectives 
A) what is the best combination of  LIUD systems to use for the different land use types? B) What pollution 
removal efficiencies can multiple LIUD systems throughout the catchment provide? C) Is it possible to treat all 
of  the contaminated stormwater to Environment Canterbury’s proposed stormwater discharge requirements? The 
Swanns Road catchment was chosen as a typical sub catchment as it has a single large discharge point directly into 
the Avon River and is made up of  a number of  different land use types. These land use types included a mixture 
of  residential, large and small businesses and open green space. The catchment also has a mixture of  street widths 
and a number of  large areas completely covered in impervious surfaces. 
Two case study sites have been chosen from the Swanns Road catchment to represent two of  the typical land use 
types found throughout the Avon River catchment. The third and fourth case studies compare the overall treatment 
efficiencies achievable for the Swanns Road catchment. The first case study looks at a typical residential street. 
Nicholls Street is situated at the top of  the Swanns Road catchment and was chosen to represent a typical residential 
street as it has a twenty-meter wide road boundary from property to property, which includes large grass verges 
and a ten-meter wide carriageway that allows for parking on both side of  the road. Nicholls Street also has a typical 
stormwater network, which sees all of  the stormwater from residential properties and the carriageway discharge 
into surface gutters on either side of  the road, eventually discharging into the reticulated network at the end of  
the street. The residential case study compares two treatment options to assess which option best fits the on-site 
conditions, provides the highest pollutant removal efficiency and the greatest benefits to the local community and 
environment. The proposed systems must be able to cope with a high groundwater table, require minimal slope, 
and be able to treat stormwater volumes produced by the first flush, one in five and one in fifty year flood events. 
The proposed systems must also maintain residential property access and where possible retain some areas of  on-
street parking. Grass and wetland swales were chosen as the treatment system to uses for residential streets as they 
still provide the transport capacity that the existing infrastructure does while increasing stormwater visibility, habitat 
potential and the visual aesthetics of  the streetscape. The residential case study compares a grass and wetland swale 
against the above conditions to assess which is most appropriate for retrofitting into residential streets throughout 
the Avon River catchment.
The second case study looks at the options available for treating stormwater produced by large and small business 
sites and their respective car parks. The sites chosen for the second case study were, Richmond Working Men’s 
Club and the Richmond shopping centre. The Richmond Working Men’s Club was chosen as an example of  a 
large business that takes up the majority of  a block. This business site has a high percentage of  imperviousness 
consisting primarily of  asphalt car parking and large commercial buildings, this also includes a number of  smaller 
standalone businesses.
The Richmond shopping centre was chosen to represent typical small-scale businesses that surround a communal 
car park and are on a site that is nearly one hundred percent impervious. None of  the stormwater from either 
site is treated before it is discharged either into the reticulated network or the surface gutters at street level. 
The proposed LIUD systems must maintain as close as possible the existing number of  car park spaces onsite, 
as well as the entrances and exits. The proposed systems will treat surface runoff  from both the car park and 
surrounding buildings.  Each system must be able to treat at a minimum the first flush volume, while treating as 
much of  the one in five and one in fifty year flood events as possible. The two treatment options compared in 
case study two for retrofitting into large and small car park areas are rain gardens and a mixed system of  swales, 
detention basins, and wet-ponds. Rain gardens were chosen as they can be easily retrofitted into existing urban 
areas and because of  there high heavy metal removal rates. The wet-pond and detention basin system was chosen 
as wet-ponds provide a heavy metal removal rate while increasing  habitat and aesthetic values on site. Detention 
basins were chosen as they provide water detention, sediment removal, are easily maintained and allow for active 
recreation when not inundated.
The third case study looks at the options available for treating all of  the stormwater produced by the Swanns 
Road catchment. The first option considers how a large area of  open green space (Richmond Park) can be used as 
a central stormwater treatment system. The second option considers how a number of  smaller treatment systems 
dispersed throughout the catchment, such as those proposed in the previous two case studies, can be combined 
to treat all of  the stormwater produced by the Swanns Road catchment. 
Richmond Park was used as a central treatment location, as it is the only large area of  open green space positioned 
near the centre of  the catchment and is located beside all of  the major underground stormwater pipes. The 
treatment option used for Richmond Park must meet the councils design standards for public places and be 
able to cope with a high ground water table. As much as of  the existing park infrastructure is to remain where 
possible.  The central stormwater treatment system in Richmond Park can only treat stormwater that naturally 
drains past the park, meaning the stormwater that naturally drains away from the park will remain untreated. The 
central treatment system must also treat at a minimum the first flush volume for the entire catchment and as much 
of  the one in five and one in fifty year flood events as possible. The central treatment system proposed for case 
study three uses a combination constructed wetland and detention basin system. The detention basin was used 
to prolong the life of  the constructed wetland by providing the initial sediment removal. A constructed wetland 
was chosen for the central treatment system as it provides the highest removal rates for all pollutant, treats large 
amounts of  stormwater, provides large areas of  wetland habitat and has a high visibility of  stormwater cleaning 
proccesses.
 
The second option proposed considers small systems implemented as close to the source of  the runoff  as 
possible. This option uses the preferred LIUD systems identified in the previous two case studies and implements 
them throughout the catchment. The overall catchment is divided up into the various land use types to assess 
the systems most appropriate for each land use. For some streets and areas that cannot be retrofitted with 
LIUD systems, new treatment options have been proposed. In those areas where it is impossible to retrofit a 
LIUD system the stormwater will remain untreated. To assess the cleaning ability of  multiple systems, the overall 
stormwater volumes produced by the Swanns Road catchment for a first flush, one in five and one in fifty year 
flood events will be broken down into a percentage of  stormwater treated by each individual system. These water 
percentages can then be assessed against the relevant treatment efficiencies. The final treatment efficiencies will 
then be combined to ascertain what the total pollutant removal efficiency would be using small-integrated systems 
spread throughout the catchment.
 
The fourth case study assesses what the combined treatment efficiencies would be if  option one and two of  case 
study three were combined to form a fully integrated approach. This option assesses what the true pollutant removal 
efficiency for the Swanns Road catchment would be if  all of  the previously proposed systems were implemented. 
Once the total pollutant removal efficiencies have been established, the levels of  pollutant that remain in the 
stormwater produced by the Swanns Road catchment will then be assessed against Environment Canterbury’s 
stormwater discharge requirements, to ascertain if  it is possible to treat all of  the stormwater produced by the Avon 
River catchment to the required levels using land based systems. These case studies form a guideline document to 
help inform any future decisions regarding the implementation of  an integrated stormwater network within the 
Avon River catchment. The case studies provide guidelines on the most appropriate LIUD system to implement 
for the various land use types within the Swanns Road and the Avon River catchments. They indicate the relevant 
treatment efficiencies achievable for each of  the LIUD systems proposed, while also outlining any other landscape-
based benefits provided to the local community and environment.
2.1 Methodology 
‘Design as research’ is a research process that moves backwards and forwards between the ‘sciences’ and the ‘arts’. 
The process taken by architectural designers is both creative and rational and draws from a wide range of  knowledge 
and experiences. This knowledge includes aspects relating to the technical sciences as well as the practical and 
cultural aspects. A lot of  design driven research is aimed at understanding the practical solutions associated with 
development and the creation of  new design tools to help to improve the general understanding of  the problem 
and the workings that go into creating a solution (De Jong & Van Der Voordt, 2002).
The research undertaken in this thesis will use the qualitative approach of  ‘design as research’ as well as using 
quantitative data to determine what the best combinations of  LIUD systems are for the Avon River Catchment. 
The first stage of  ‘Design as research’ is the process of  asking relevant questions: A) is integrated stormwater 
management appropriate to use in existing areas of  urban Christchurch? B) what is the best combination of  
LIUD systems to use for the different land use types? C) what pollution removal efficiencies can multiple LIUD 
systems throughout the catchment provide? D) is it possible to treat the contaminated stormwater to Environment 
Canterbury’s proposed stormwater discharge requirements? The second stage involves gathering all the relevant data 
and information on the current system, the new LIUD systems proposed, and the many environmental and social 
advantages that these systems can provide. The third stage of  the design as research process involves organizing 
and interpreting this data to help inform the design and creation of  a number of  concepts (Groat & Wang, 2002). 
Within the ‘design as research’ approach ‘action research’ will also be incorporated to help answer the research 
questions. ‘Action research’ is the term used for studies that are based within a realistic situation and not a 
hypothetical one. Emphasis is placed on the knowledge emerging from the localized settings instead of  a broad 
base of  knowledge being applied universally. Within this approach both the theoretical knowledge (on LIUD 
structures) and site-specific knowledge (on the Swanns Road catchment) will be combined to produce the field of  
investigation. The site-specific information will help with the assessment of  the sites stormwater modelling and 
pollution input volumes (Groat & Wang, 2002). This real data will help to produce a theoretical model of  design, 
which will be used to establish whether LIUD systems can be retrofitted throughout the of  Avon River catchment 
and the treatment efficiencies achievable. 
2.2 The analysis-synthesis model
In today’s post-modern society greater emphasis is being placed on research becoming an integral part of  the 
planning and design process when conducted by professionals, such as planners, designers, architects and landscape 
architects. When dealing with sustainability, environmental responsiveness and the health and social demands of  
society more emphasis is needed on research to influence design outcomes. The research conducted in this thesis 
follows the ‘analysis-synthesis model’ to help provide a framework within which to work. 
This model is described as the process of  acquiring knowledge about the problem, applying this knowledge to a 
specific site, followed by the assimilation and understanding of  this knowledge in relevance to the larger problem 
being assessed (Milburn & Brown, 2003). This model involves a number of  important factors; such as there must 
be enough relevant research and information provided before the onset of  the project, and this information must 
be collected and stored until the need arises. The larger problem (retrofitting integrated stormwater management 
into the Avon River catchment) is broken down into a number of  smaller elements (the Swanns Road case 
studies). The previously stored information (on LIUD structures) can then be accessed, applied and analysed to 
inform the design decisions on each of  the specific elements. These elements are then collated to form a coherent 
design or plan. Results produced by these individual plans can then be evaluated against the initial larger problem 
being questioned (Milburn & Brown, 2003). 
The background research provides the knowledge that is needed to make the proposed designs functional and 
appropriate for the specific sites. The final design provides the vehicle with which to test the proposed criteria 
against. The ‘analysis-synthesis model’ differs from other models of  ‘research by design’, by breaking the problem 
down into smaller components rather than taking a holistic approach, it also uses particular sites to help produce 
ideas and design concepts that will ultimately help to answer the larger problem being assessed (Milburn & 
Brown, 2003).
2.3 Design Methods
Literature review
A literature review has been carried out into the history of  Christchurch drainage, the planning framework that 
governs stormwater management, the social and ecological advantages of  increasing nature within urban areas 
and the LIUD structures that can be used. These structures have been reviewed for their cleaning ability, ease of  
retrofitting and what other social and ecological values they can provide. The overall life span of  each system will 
also be assessed, along with any limitations.
Choice of  sub-catchment
A drainage map of  the Avon River catchment indicating all of  the tributaries and main stormwater mains was 
analysed to find a sub catchment that had a single discharge point directly into the Avon River and included a 
number of  different land use types including a large area of  open green space. This process narrowed the choice 
down to three different sub-catchments. Surface drainage maps provided by the Christchurch City Council, 
indicating all of  the main stormwater pipes and property boundaries were then assessed to establish which sub-
catchment best fit the sub-catchment criteria. The Swanns Road catchment was chosen as it best fits the above 
criteria and has a variety of  different street widths.
Choice of  case study sites
Drainage maps of  the Swanns Road catchment showing all major and minor stormwater mains, sump locations 
and flow direction were analysed to establish the locations of  all of  the minor surface water catchments within 
the catchment. These minor sub-catchments were then combined with the land use criteria to choose the three 
individual case study sites that represent each of  the land use types. These minor catchments were also used to 
establish how much stormwater is produced by each catchment and at what point this stormwater is discharged 
back into the reticulated network. 
Task One: Stormwater modelling
Stormwater modelling using the Christchurch City Council’s ‘Alternative Two-Value Rational Method’ found in 
chapter twenty-one of  the councils, Waterways, Wetlands and Drainage Guide shown in appendix one and two was 
used to produce stormwater modeling for all three of  the case study sites. This modelling established how much 
stormwater runoff  was being produced in the first flush, one in five and one in fifty year flood events.
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Task two: Site design
Following site analysis a number of  concept designs for each site have been completed. These designs are based 
around the literature review of  LIUD structures and the existing site conditions. The final concept designs for each 
of  the case studies will be shown as concept plans, with the addition of  cross sections to indicate how the new low 
impact urban design structures will be implemented within the existing site context. Each concept plan will use a 
different form of  integrated stormwater management and are designed based on the literature reviewed on LIUD 
structures, each design is required to treat at the minimum the first flush volume.
Task three: Treatment efficiency
Each case study site has been analysed to establish how much pollution is being produced by the existing impervious 
surfaces and how much of  the original pollution levels can be removed by the various LIUD structures proposed. 
These pollution levels have been worked out using the Christchurch City Councils ‘Simple Method for Estimating 
Annual Urban Contaminant Loads from Developing Areas’ found in chapter six of  the City Councils Waterways, 
Wetlands and Drainage Guide and reproduced in appendix three. Once the existing pollution levels were established 
the relevant removal efficiencies were applied to determine what the remaining pollution levels would be after 
treatment. The removal efficiencies were based on the City Councils ‘Representative removal capacity of  treatment 
systems for a number of  urban pollutants’ table, which has been reproduced in appendix four.
Task four: Results comparison
The advantages and disadvantages of  each system are compared at the end of  each case study to establish which 
system is most appropriate for that particular land use type The benefits provided to the local community by the 
different treatment options are also outlined within each case study. Case study four compares the overall treatment 
efficiencies achievable for the Swanns Road catchment if  all of  the preferred treatment options were implemented. 
The remaining pollution levels are then compared to Environment Canterbury’s proposed discharge requirements 
to establish whether it is possible for land based systems implemented through the Avon River to treat stormwater 
to these proposed levels.
Concluding comments
The final discussion will review how the results for the Swanns Road catchment would impact on the overall water 
quality being discharged from the Avon River catchment and the advantages these systems could provide to the 
whole catchment. The concluding comments will also outline areas and issues that require further research.
2.4 Limitations
Stormwater modelling
There are a number of  limitations in establishing the stormwater runoff  volumes for the following case studies. Due 
to a limited knowledge and availability of  data on the underground infrastructure, visual assessments of  councils 
drainage maps and on-site conditions were used to establish flow paths and catchment limits. The percentage of  
impervious and pervious surfaces were established based on the assessment of  aerial photographs. For impervious 
surfaces this took into account road surfaces, and footpaths, roofs, driveways and carparks. The rainfall intensities 
were chosen based on Christchurch City rarely enduring rainfall intensities greater than ten millimeters an hour. 
(H. Eastman, personal communication, May 20, 2010). This ten millimeters an hour intensity was then used to 
determine the appropriate storm duration in the ‘Christchurch Rainfall Intensities’ chart in the Waterways and Wetland 
Drainage Guide part B appendix ten and reproduced in this thesis in appendix five, for a one in five and one in fifty 
year event.
Pollution Levels
The pollution level given in the following tables are estimates only, and take into account the pollution levels 
produced during storm events and not associated with any base flows there may be. Certain conditions within 
the catchment such as construction sites, heavy industrial sites, heavy traffic loading on roads and undeveloped 
areas can affect the estimation of  pollutant levels when using the ‘Simple Method for Estimating Annual Urban 
Contaminant Loads from Developing Areas’.
Removal Efficiencies
The City Council does not provide removal efficiency rates in its ‘Representative removal capacity of  treatment 
systems for a number of  urban pollutants’ table for rain gardens or wetland swales. The removal rates for a 
wetland were used to represent a wetland swale as the treatment process is similar. For rain gardens the treatment 
efficiencies for soakage basins were used as this is the only type of  infiltration system considered with the removal 
efficiency table.
Groundwater Levels
The groundwater levels in the Richmond area have been estimated to be on average three point eight meters 
below the closest Christchurch City benchmark level in the Richmond area, situated in the kerb on the corner of  
Alexandra Street and Stanmore Road. The ground water has been measured at maximum height of  two point 
five meters below ground level. These average and maximum levels are ascertained from the closest Christchurch 
City monitoring well, situated at 92 Birchfeild Ave, Dallington, which is the adjacent eastern suburb over from 
Richmond.
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Chapter Three: Literature Review
3.0 Christchurch historical context
Captain Thomas first chose the site of  Christchurch City because of  its vast areas of  flat land, it’s easy access,  it’s 
well watered nature and it suited to many agricultural purposes. The chosen site was almost exclusively made up of  
swamp with very little elevation variation. This caused major problems for the Drainage Board whose job it was 
to implement a sewage and water drainage system. Prior to the drainage board coming into existence in 1876 the 
Avon River had gone from crystal clear to extremely polluted where water-borne disease was rife. For the following 
twenty years the drainage system that was implemented was ad hoc as many of  the government bodies could not 
work together to find the right solution. This meant that the sewerage and grey water from the city was discharged 
into the nearest river for over twenty years. 
The first system to be implemented carried all rainwater by surface gutters on the street to the nearest stream or 
river. The sewage was carried in underground sewer pipes to the current Bromley site. The principle of  keeping 
uncontaminated water from the sanitary system has held until the present day. There were problems from the start 
with the underground system being incapacitated by groundwater infiltrating into the sewer pipes and incapacitating 
the pumping stations, which to this day still causes sewage overflows into the Avon and Heathcote Rivers (Wilson, 
1989). 
3.1 Cultural and heritage values
Over the last 130 years of  stormwater management in Christchurch City, there has been a significant change in 
philosophy towards stormwater management, where once efficient drainage to reduce flooding, health hazards 
and maximise land available for development was the way forward, it is now about working with nature. This new 
philosophy demands a greater knowledge on the interrelationship between land and water while taking into account 
the values of  ecology, landscape, recreation, drainage, heritage and culture (Christchurch City Council, 2003a). The 
Christchurch City Council has the responsibility for ensuring that all of  the surface waters in the Christchurch 
region are managed in a way that supports the environmental, social, cultural and economic wellbeing of  current 
and future generations. The council has committed to improving and protecting the health, water quality, bank 
edges and the various habitats found within the Avon River Catchment. At the same time, the Avon River must 
be maintained as a major stormwater drainage and flood relief  channel for Christchurch City (Christchurch City 
Council, 2007). 
One of  the most pronounced goals the City Council has is improving the quality of  the surface water runoff  
before it reaches existing waterways. Improving water quality is a challenge in existing urban areas where there is no 
treatment of  surface water runoff  to remove contaminates and pollutants and where land available for development 
is scarce. The changing of  land use patterns in Christchurch is causing more land to be converted into impervious 
surfaces, increasing the amount of  surface water runoff  that the stormwater system has to deal with (Christchurch 
City Council, 2009). The Council along with Environment Canterbury are looking into options that would help to 
raise the mean average depth closer to predevelopment levels, with a minimum flow of  1,200 litres per second. This 
would also incorporate investigating options around the changing of  the river channel in some places to speed up 
and others to slow down the water providing more variety in habitats. 
The whole of  the Avon River corridor has been identified as a priority heritage area as it combines existing natural 
heritage, Ngai Tahu cultural heritage, European cultural heritage and has subsequently developed into a cross-
cultural New Zealand heritage (Ermens, 2007). The Avon River has a strong cultural connection with Ngai Tahu, 
as it is a historical mahinga kai (food gathering) site. Due to the extremely degraded nature of  the river this cultural 
practice can no longer be achieved. 
The council has an obligation to identify, restore and protect mahinga kai sites by providing access and making 
aware, where appropriate, the significance of  these sites (Christchurch City Council, 2009).  A key heritage element 
of  the Avon River catchment is its ‘garden city image’, which has developed since its colonial beginnings. The 
unique mixture of  exotic and indigenous species provide a public display of  the city’s garden city theme. This is 
especially highlighted along the banks of  the Avon River as it travels around the botanical gardens. This colonial 
style of  tree planting along the river banks has lead to a tree lined river that acts as a green thread winding its 
way through the hard urban landscape of  the city centre. The Christchurch City Council believes that by keeping 
the few remaining examples of  pre European planting and adding to them to restore indigenous character, 
biodiversity and in places cultural significance for Ngai Tahu, the overall waterway network would become more 
legible (Christchurch City Council, 2007). 
3.2 Water quality
The Avon River is a spring fed river that is restricted to the city and its immediate surroundings. The Avon River 
along with the Heathcote, drains much of  Christchurch’s stormwater from its residential, commercial and in 
some cases agricultural land. One of  the most significant sources of  urban waterway pollution is rainwater, as 
it travels across impervious surfaces before being discharged into the nearest waterway. There are a number of  
pollutants that are often associated with urban runoff  including sediments, nutrients, organic matter, inorganic 
matter, heavy metals, polycyclic aromatic hydrocarbons (PAH) and bacteria (Ermens, 2007). 
The water quality in the Avon River is monitored for the presence of  the faecal indicator Escherichia coli (E. coli). 
This type of  bacteria is often found in human, animal and bird faeces. With E. coli levels in the Avon River 
regularly exceeding the accepted levels of  260 E. coli/100ml for freshwater recreation, the Christchurch City 
Council initiated faecal tracking to distinguish where the high levels of  faecal bacteria where coming from. It 
was found that in the absence of  rainfall in the area, the high levels of  E. coli were derived from wildfowl with 
secondary inputs from dogs. This finding was reversed for high rainfall events where the primary contributors 
were dogs with wildfowl being secondary. Human faecal matter was detected in the lower reaches of  the Avon 
River after a high rainfall event (Gilpin & Moriarty, 2009). 
The Christchurch City Council in May 2009 applied for resource consent from Environment Canterbury to 
discharge water and contaminants into waterways in the Avon and Heathcote River catchments from overflow 
points in the wastewater network. The wastewater network periodically overflows along sections into the river 
when the pipes are inundated with subsoil water infiltration causing the pump stations to overflow. The Council 
applied in 2009 for consent for a further eleven sites on top of  the twelve sites they already have consent for. The 
council wish to downgrade from a two-year average recurrence interval to a six-month recurrence interval. The 
raw wastewater that is being discharged consists of  99.5% - 99.9% percent water. The non-water component may 
contain debris, organic substances, nutrients, pathogens, oil, grease and toxic compounds. The Council believes 
that the cost of  achieving a two year recurrence interval will be too high in the long term and is not an effective 
use of  rate payers’ money (Murray, 2009). 
One of  the many pollutants in the Avon River is sediment, which consists of  soil and other fine solid particles. 
Sediments that end up in the Avon River come from a variety of  sources including erosion of  soils, construction 
sites, urban land uses and air borne particles. The Avon River Catchment has an average sediment yield of  350kg/
ha/yr, which is typical of  a mature urban catchment. During a storm event the Avon River’s suspended solid 
mixture is made up of  22% percent organic matter (Ermens, 2007). 
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There are also relatively small sediment loads that are derived from suspended particle pollution produced by 
domestic solid fuel burners (90%), motor vehicles (3%) and industrial burning (7%). Sediment loads from rooftops 
are relatively low per m2 but vary depending on the type of  roof  e.g. residential, industrial or commercial and 
the amount of  catchment that has been developed. Roads are also key contributors to sediment loads depending 
on the amount of  traffic and the number of  roads found within the catchment. For example the largest road in 
Christchurch City is Moorhouse Avenue, which has approximately 40,000 cars per day with a sediment load of  
299g/m2 per year (Ermens, 2007).
The other major contributor of  pollution into urban waterways is heavy metal concentrations, such as copper, lead 
and zinc. These particles are often associated with fine sediments derived from urban stormwater runoff. Heavy 
metals derived from urban runoff  are of  particular concern to the health of  urban waterways as they are often toxic 
to aquatic organisms and can persist in that environment for long periods of  time. The Avon River contributes 
up to 10kg of  heavy metal contamination per day into the Avon-Heathcote Estuary (Ermens, 2007). Christchurch 
waterways have significant levels of  Polycyclic Aromatic Hydrocarbons (PAHs) present in the sediments. It was 
initially thought that these levels of  PAH were derived from the burning of  fossil fuels in domestic and industrial 
fires. It has since been proven that a significant amount of  these PAH levels have come from coal tar, which is a 
by-product from gasworks and was used in Christchurch as a road building material up until the 1970’s. These high 
levels of  contamination were found in the upstream reaches of  the Avon River indicating that they are associated 
with large particle sizes, which settle rapidly upon entering waterways during high-energy runoff  events. Sampling 
has shown that high levels of  PAH derived from coal tar are still entering the Avon River Catchment. Large 
amounts of  coal tar still reside in seal layers from older roads in Christchurch and the adjoining road verges, leaving 
reservoirs of  coal tar particulate for future contamination of  nearby waterways (Depree & Ahrens, 2005).
3.3 Planning Framework
Canterbury has a wide range of  natural resources such as rivers, lakes and groundwater, which are of  regional and 
national importance. To maintain and mitigate any adverse affects to these resources a wide range of  planning 
documentation has been developed. Human activities associated with development over the last few decades 
have significantly increased the concentrations and types of  contaminates that are entering our water resources. 
Awareness of  the effects that these human activities are having on water quality has increased in recent times. 
The greatest pressure on the water quality of  rivers in urban areas now comes from non-point source discharges 
associated with stormwater. These types of  discharges are the most difficult to manage as they involve changes 
to land management and consumption patterns. Education will play a key role in increasing people’s awareness of  
the issues and in encouraging the adoption of  best management practices and sustainable resource management 
(Environment Canterbury, 2007). 
Environment Canterbury has put together the Natural Resources Regional Plan (NRRP), which sets out new water 
quality standards for all stormwater discharges into a water body within Canterbury and the Christchurch City 
boundary. Chapter four of  the NRRP deals with the three main water quality issues of: 
WQL 1: Surface water quality
WQL 2: Groundwater quality
WQL 3: Community drinking water sources 
As part of  the NRRP all of  the regional councils are required to produce Integrated Catchment Management Plans 
(ICMP) for the sustainable management of  their surface water resources. The most relevant rules of  the NRRP 
for stormwater management are: 
WQL 5: Discharge of  stormwater onto land
WQL 6: Discharge of  stormwater into surface water
WQL 7: Discharge of  stormwater into land or into surface water from 
             “Stormwater management areas” 
Where stormwater is discharged onto land or into a water body from a management areas such as Christchurch 
City the discharging of  stormwater is considered a controlled activity, only if  it meets all of  the requirements of  
rules QWL 7. All of  the various water bodies throughout Canterbury have been classed for the purpose of  the 
NRRP. The rivers and streams in the Avon River Catchment fall within two different classes: 
Lowland:  Lowland rivers are managed for their natural character, stock water, aquatic ecosystems, amenity  
  values and Ngai Tahu values.
Urban:  Urban rivers are managed for their amenity values and aquatic ecosystems (Environment   
  Canterbury, 2007).
With the NRRP coming on board, the way that developers and councils go about getting resource consents for 
stormwater discharges is changing. Instead of  Environment Canterbury accepting the consent applications and 
then handing it over to the City Council, the City Council will now be responsible for all stormwater consents 
within its jurisdiction, including existing and proposed sites. The Christchurch City Council will also be responsible 
for testing all stormwater discharges to make sure they are meeting the water quality requirements of  the NRRP 
where they discharge into a waterway. Previously consents have been granted on a site-specific basis and so the 
combined effects were not necessarily considered. The introduction of  catchment management plans is intended 
to rectify this situation. The hope is that area planning and stormwater management investigations could be 
brought together so that consent hearings could be held jointly to better integrate stormwater management within 
the planning process (Golder Associates (NZ) Ltd, 2006). 
The planning and consents protocol for surface water management sets out six principles that Environment 
Canterbury and Christchurch City Council have both agreed to adopt in the management of  Christchurch’s 
surface water resources. 
Principle one: Integrated land use planning; this approach to planning involves considering stormwater 
management impacts across an entire catchment, rather than a site-by-site basis. 
Principle two: Interim consenting for stormwater systems in the absence of  ICMPs:
Until an integrated management plan is prepared for a catchment, the City Council is required to get authorisation 
to discharge stormwater from this catchment. The Christchurch City Council has gained this under the global 
consents CRC090292 and CRC000315. The global consent only allows them to continue as they are until 2016 
when they will have to reapply.
 
Principle three: Meet the requirements of  the NRRP: 
The planning and consents protocol has been constructed so that it mirrors the requirements of  the NRRP. 
Principle five: ICMP Preparation and prioritisation: 
The City Council staff  and other parties that are also working on the ICMPs will adhere to the processes outlined 
in the planning and consents protocol.
Recreation experiences are often complex and can be motivated by a number of  reasons, such as physical exercise, 
the feeling of  temporary escape and achieving a sense of  control. All of  these reasons help to reduce overall 
stress levels in recreation users. These findings suggest that natural environments have a positive influence on 
people’s emotional state compared to urban environments (Ulrich et al., 1991). Kaplan (1995) outlined the four 
components that need to be found in nature to help produce a restorative environment that relieves directed 
attention.  
The first component is “being away”, as natural settings are often the preferred holiday destination. However the 
sense of  being away does not necessarily require people to leave, so long as they have access to natural areas that 
offer the feeling of  being in a new and different environment. The second component is “fascination”; nature is 
full of  fascinating objects as well as many processes that people find engrossing. Many of  these fascinating objects 
hold people’s attention, but in an effortless manner that allows plenty of  time for thinking about other things. The 
third component is “extent” this is commonly found in large landscape scenes such as mountains and savannahs. 
This can easily be reproduced in urban environments through the use of  perspective as well as miniaturization, 
which make some landscapes feel like completely new environments; the Japanese have mastered this art. 
The final component is “compatibility”; the natural environment provides high compatibility for many people. It 
is as if  there is a special connection between nature and human inclinations. Peoples’ purposes and inclinations 
should be compatible with the environment that they live in. This allows them to function with less effort in 
natural environments than in the common urban environments, that they are often more familiar with (Kaplan, 
1995).
The concept of  restorative environments is not new, Frederick Law Olmstead was aware of  the fact that nature 
was key is creating restorative environments in the early 19th century (Kaplan, 1995). Olmstead was an advocate 
for urban green parks and was responsible for the implementation of  Central Park in New York, which was the 
first professionally designed park in America. It was designed and constructed as a place where all New Yorkers 
could go to get fresh air regardless of  class, age or health (Louv, 2005). Olmstead believed that for people who 
were suffering from stress, access to nature helped to employ the mind without fatigue, yet at the same time 
exercising and refreshing it. The influence of  the mind over body helped to refresh and invigorate the whole 
system (Ulrich et al., 1991).
   
The potential impact that nature has on a child’s development is dependant on the kind of  experiences they 
have with natural systems and processes. There are three broad types of  experiences identified by Kellert (2002), 
they are; direct experiences, indirect experiences and vicarious experiences. Direct experience involves direct 
contact with nature and nonhuman species. This is nature such as plants, animals and habitats that function 
predominately outside the control of  humans. This direct type of  experience is usually unplanned such as a child’s 
spontaneous play in the backyard, nearby forest or a neighbourhood park. A child’s indirect experience with 
nature involves physical contact but in a far more controlled and restricted manner. For example visiting the zoo, 
botanical gardens or aquariums. Another type of  indirect experience is with domesticated animals such as dogs, 
cats, horses and home aquariums. They also get a similar experience with vegetable and flower gardens. The third 
kind of  experience is vicarious experiences, which occur in the absence of  any physical contact with nature. These 
experiences are often with representations or depicted scenes of  nature such as photos and videos. In some cases 
these images can be highly stylised. What is worrying to some researchers is the lack of  direct experiences with 
nature in today’s society, which is being replaced in many cases with artificial images, especially for those children 
in urban and suburban areas. Studies have shown that all three types of  experience play a part in the cognitive, 
intellectual and evaluative development in children. A child’s experience with nature is an essential, critical, and 
irreplaceable dimension of  healthy maturation and development (Kellert, 2002).
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Principle six: Compliance with rule WQL7 of  the NRRP:  The Christchurch City Council will apply to environment 
Canterbury to discharge any contaminates into a waterway governed by an ICMP (Golder Associates (NZ) Ltd, 
2006). 
The ICMP is there to say how surface water is to be managed in the future, in the face of  anticipated growth. The 
ICMP also looks at groundwater, soils, ecology, landscape cover and type as well as the amount of  impervious 
surfaces. Often the priority for an ICMP is in areas where there is large amount of  future growth such as South 
West Christchurch and the Styx Catchment. Problems arise in existing areas such as the Christchurch City Centre 
where they may not have corresponding Area Plans to help guide development. The retrofitting of  existing areas 
for the mitigation of  stormwater contamination is just as important, as much of  the Christchurch area consists of  
existing development (Golder Associates (NZ) Ltd, 2006). 
With 75% of  the Avon River catchment zoned for urban land use it is the existing development within these zones 
that is causing the continued degradation of  the Avon River and its feeder streams. The invertebrate diversity within 
the Avon River has been decreasing since studies began in the 1980’s (MWH New Zealand Limited, 2008). This 
indicates that the urban land use that surrounds the river is having a continued effect on the health and vitality of  
the river ecosystem. With the NRRP requiring ICMP’s for all management areas, the Christchurch City Council 
has undertaken to create ICMP’s for all the major river systems within the Christchurch boundary. The process 
of  creating these management plans can be very time consuming. The City Council have agreed to try and have 
all of  Christchurch’s ICMP’s completed by 2014. The Avon and Heathcote River Catchments are next in line 
for creation. Until these management strategies have been adopted the management of  existing residential and 
industrial stormwater systems are to remain the same. The council has been granted an interim global stormwater 
consent (CRC090292) that allows for the continued discharge of  contaminated stormwater into the rivers and 
streams throughout Christchurch. The council are waiting for the completion of  the ICMP for the Avon River, 
which will outline what the best options are for the mitigation of  contaminated stormwater discharges from the 
existing residential and industrial sites (MWH New Zealand Limited, 2008).
3.4 Restorative benefits of  nature to people
The cities of  today can be viewed as large complex organisms that are not well understood in their complexity. The 
impact of  large cities on the natural and physical environment has proven to be damaging. This affects the people 
who live within these cities and their quality of  life. For cities to be sustainable, they must limit their environmental 
impacts on the physical and natural environments, while still meeting the economic and social demands of  the local 
population. The need to plan our cities so that people can get a satisfactory experience of  urban life is of  utmost 
importance. This can already be seen in places like Europe where there is a reawakening of  interest in the quality 
of  life found in these highly urbanised environments (Beer, 1991).
Urban environments produce environmental stressors such as crowding, community noise and air pollution that 
affect large groups of  people. Living with these conditions can require prolonged mental effort that in turn causes 
mental fatigue. To rest the directed attention, some other basis for maintaining one’s focus must be found (Kaplan, 
1995). Studies have shown that by viewing unthreatening natural scenes people’s stress levels can be reduced. 
Western societies tend to categorize natural environments as those that have a high proportion of  vegetation and 
or water, and a lack of  man made objects such as buildings, roads and cars (Ulrich et al., 1991).
Studies on both hospital recovery times and stress levels in prisoners found a reduction in stress levels and quicker 
recovery times when there were clear views of  nature through the windows. Natural scenes were found to hold 
people’s attention more effectively as well as encouraging relaxation. Stress mitigation was one of  the key drivers 
for people who used wilderness and urban nature areas for recreation and exercise (Ulrich et al., 1991). 
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There are a number of  services that nature and open green spaces in urban environments can provide to the future 
development of  children and ultimately society. The first is “natural play” for much of  our history children were left 
to their own devices and inevitably ended up in the nearest wild places. In aboriginal societies this kind of  play was 
essential to learning life skills. Even though the survival skills are no longer as important, the pleasure derived from 
play in these sites has not decreased. The second experience gained is nature literacy. In the past this knowledge of  
other living species was essential to survival. Arguments have been made that this knowledge is no longer relevant 
in today’s society. This lack of  knowledge is leading to a collective indifference to nature, which inturn can lead to 
ecological depreciation and collapse. The third experience involves intimacy with nature. The daily contact with a 
diversity of  experiences, such as botanical, zoological, cultural, architectural and societal experiences leads to an 
appreciation of  rich and diverse environments. When the diversity and variety drops out of  these environments 
and sameness sets in, people become dissatisfied and alienated from these environments, which inturn leads to a 
deeper alienation with natural and biological processes. Many parks are too manicured to offer much interest to 
young people. For special natural places to work in urban environments, children need to be free to climb trees, 
muck around, catch things, get wet, dirty and above all else leave the structured paths provided (Pyle, 2002).
3.5 Eco-Revelatory Design
Traditionally landscape architecture as a profession has been more concerned with the social aspects of  design by 
creating landscapes predominantly for human use and enjoyment. The more contemporary approach recognizes 
the need to protect and preserve our environment. Until recently the two approaches of  environmental needs 
and good social environments have operated as two separate drivers. For contemporary landscapes to be fully 
integrated within the urban environment, both of  these drivers need to be of  equal importance in the design 
process (Rosenberg, 1986). The third driver that is influential in the design of  today’s landscapes is “aesthetics” 
(Thayer, 1989). Designers in the nineteenth and twentieth centuries have been highly influenced by the picturesque 
movement. The picturesque movement is the idea of  creating landscapes as though they were three-dimensional 
paintings. It is the duel concept of  mastering and perfecting nature that has been around since the seventieth 
century. This concept was further built on in the eighteenth century by authors and garden designers such as 
William Kent, Capability Brown and Humphry Repton who believed that the job of  the landscape designer was to 
improve on the form of  common nature (Rosenberg, 1986).
Under the influence of  the picturesque movement we have come to associate nature with beauty. Because of  
this we tend to believe that beautiful landscapes are also healthy landscapes. This can cause problems with the 
appearance of  ecological landscapes, as their appearances do not fit our social understanding of  what a natural 
healthy landscape should look like. A healthy landscape does not always equal a beautiful landscape and a beautiful 
landscape does not always equal a healthy landscape. The concept of  nature and naturalness has no specific aesthetic 
appearance, this can cause major problems for the people who are responsible for the management of  ecological 
systems. This lack of  understanding can cause people to change landscapes without understanding what it is that 
they are changing. If  we are to assume that people want to live in healthy ecosystems, we need to find a way for 
people to be able to understand what it is that makes a healthy ecosystem and how they can recognize these systems 
based on appearances (Nassauer, 1992). 
Thanks to advances in science and technology we are better able to understand the inner workings of  the many 
complex ecosystems within which we live. This technology has also enabled us to physically cover up and conceal 
many of  the landscape elements that were readily accessible to people in the past, elements such as energy sources, 
water, and waste disposal. Even with these advances in technology our ecosystems have gained a little but lost a lot. 
Most people view the world through their senses within their own time frames, leaving the complicated workings 
of  the earth to the professionals who study these processes. 
In most cases we only notice what is on the surface along with simple visible processes. Our own lives and those 
of  all living organisms depend on the far more complex interactions of  energy, matter, cells, organisms and 
populations (Thayer, 1998).
We need to incorporate a new visual and spatial vocabulary that allows the public to interpret the increasingly 
complex manmade environments of  cities. As society becomes more aware of  the impacts that our technological 
culture is having upon the ecosystems within which we live, they are starting to demand a new vocabulary and 
language to help them to interpret, discuss and resolve the many issues that are arising (Thayer, 1998). Much of  
our daily existence is spent in cities that are designed to conceal the natural processes that sustain life while also 
contributing to the sensory impoverishment of  many of  our urban environments. The curbs, channels and sumps 
that make stormwater disappear without a trace, cut the visible links between the natural water cycle, the transport 
sewers and the final discharge into streams, rivers and beaches. This often means that the public are unaware of  
the ecological degradation taking place all around them. If  people are not aware of  these processes they will not 
feel responsible for the impacts that they cause. Environmental literacy needs to begin at home with a language 
whose inspiration starts by making the most of  available opportunities, one which re-establishes the concept of  
multi functional landscapes that integrate ecology, people and economy (Hough, 2004). 
The infrastructure of  the city has for generations been considered solely on its technical ability to preform, 
and has been exempt from having to function socially, aesthetically or ecologically. Re-examining the value of  
infrastructure involves the recognition that all spaces are valuable, not just the traditional parks and squares. The 
most permanent and enduring elements of  the city are often related to the underlying geology, topography, rivers, 
harbours and climate.  Using the infrastructure of  the city as a starting point this underlying structure explores the 
relationships between natural processes and the future development of  cities. This requires designers to engage 
with the currently mono-functional infrastructure and to recognize its key role in revealing the true nature of  the 
city (Mossop, 2006).
Joan Nassauer (1998) has been at the forefront of  using designed landscapes to reveal nature and natural processes 
in the suburban environment of  Maplewood, Minnesota, in the North East of  the United States of  America. 
Nassauer states that for people to accept the disturbance and change to their known landscapes they must first 
perceive the benefits and improvements, or they will not accept or care for the new landscapes. They would 
also be more likely to discourage future projects from occurring. It is important that the disorder of  change and 
the perceived disorder of  biodiversity is set within an accepted framework of  landscape elements that residents 
are familiar with, such as plant species, shape, materials used and their relationship to the bordering property. 
Nassauer has used the existing cultural landscape language of  the street, to portray the ecological functions of  
the landscape within the context of  an accepted suburban street layout. This prototype retrofit is now becoming 
a regionally and nationally emulated mode for stormwater treatment in neighbourhoods and cities across America 
(Nassauer & Faust, 1998).
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3.6 Public Opinion on the Health of  the Rivers in Christchurch
Following a major diesel spill into the Heathcote River in early 2005 the Canterbury Regional Council also known 
as Environment Canterbury began working to raise community awareness about the need to protect Christchurch’s 
urban waterways. As a result of  this the ‘River Guardians’ project was commissioned. This consisted of  key 
representatives from the community and local councils. The River Guardian project has since been included in 
Environment Canterbury’s long-term community plans. The objects of  the River Guardian project are as follows:
• Increasing the effectiveness and level of  community involvement in the management and care of  urban  
 waterways.
• Increasing the community’s environmental awareness and responsibility in regards to the effects of    
 individual and cumulative actions on urban waterways.
• More effective and proactive agency management of  urban waterways, through increased co-ordination  
 and regulatory enforcement.
Before the council could make recommendations, they first needed to understand what the local communities 
perceptions were on the health of  our urban rivers and how their actions can affects these rivers. Environment 
Canterbury commissioned a random phone survey of  the public throughout Christchurch asking them how they 
use urban rivers, how healthy they thought they were, and what they thought the major causes of  pollution were 
from. This survey focused on the two largest urban rivers, the Avon and the Heathcote (Lynch & Bond, 2007). 
Forty-two percent of  people believed that the rivers and streams were healthy, while the majority of  respondents 
(fifty-six percent) believed that the rivers were not healthy. 
Around a third of  those who believed that the rivers were healthy thought so because they looked nice and clean. 
The over all majority, (fifty-one percent) felt that the rivers and streams were polluted, containing rubbish and 
stormwater along with industrial and farm effluent. Eighteen percent of  people believed that the rivers and streams 
looked dirty. When asked what they felt were the causes of  damage, respondents cited rubbish and pollution with 
only seventeen percent mentioning stormwater. The overall stormwater network is not that well understood by the 
general public as a quarter of  respondents believed that their grey water (shower, bath, washing machine water) was 
discharged into the rivers, while between thirteen and eighteen percent of  people believed that their stormwater 
was treated at the Christchurch wastewater plant (Taylor Baines & Associates, 2007).
From this survey some broad recommendations have been made to help improve public awareness of  urban 
waterway health. Any future projects need to take into account both the environmental and social aspects associated 
with waterway restorations, as well as having a good understanding of  participants’ values and attitudes towards 
restoration work. The use of  local examples is recommended to help the public become more aware of  the problems 
and solutions. It is also extremely important that the public perceive the many benefits to the community such as 
health, fun, education, building social cohesion, quality control and the ability for individuals to make a difference 
(Lynch & Bond, 2007).
3.7 Riparian Vegetation
Riparian vegetation provides a number of  ecological benefits such as filtering polluted water; providing shade to 
cool aquatic environments and habitat for a number of  different species. The filter function of  riparian planting is 
dependant on the diversity of  the plants within the riparian zones and the connectivity of  the various zones. The 
best defence waterways have against diffuse pollution is through the use of  riparian filter strips. This consists of  
a preliminary herbaceous zone between the river and various land uses, helping to spread the surface flow evenly 
amongst plant species allowing for the deposition of  course particles. The second zone is situated between the 
preliminary and the third zones and should consist of  shrubs and trees, which maximise infiltration and allow for 
the storage of  pollutants within woody vegetation.
The third zone closest to the water edge should be a permanent forest zone that influences the aquatic environment. 
High species diversity is needed because not all plants will process the pollutants in the same way or with the same 
efficiency. 
The Department of  Conservation has recommended that for the future development of  the Avon and Heathcote 
riparian margins, a strong indigenous character should be encouraged so these rivers can become native arteries 
for the city. There are few areas along the banks of  the Avon River that are wild in character or contain any 
remnants of  native species. Extensive areas of  native species linked together with open spaces are recommended. 
For this change to be accepted by local residents, comprehensive visual plans and education should be part 
of  the process. Future plantings should include the creation of  natural riparian zones, which include a natural 
sequence from semi-aquatic plants through to mixed hardwood/podocarp species higher up the riverbanks. 
These sequences would need to be developed at regular intervals along the length of  both rivers and streams. 
Native sedges, rushes, flaxes and raupo species need to be encouraged to form continuous corridors along each 
riverbank for all major rivers and streams. The choice of  species will depend on the types of  habitats needed 
and the room available. The benefits of  this continuous vegetation are bank stabilization and increased habitat 
for fauna and aquatic species. It is important that the plant species chosen are indigenous to Canterbury and 
are suited to the local site conditions, as these species will better suit the indigenous fauna, fish and invertebrate 
species that are present (Baird, 1992).
Décamps (2001) argues that riparian landscapes are more likely to be ecologically maintained in places where 
people are the main dominating factor, if  they are aesthetically pleasing at the same time as being functional. 
Peoples’ aesthetic preferences are shaped to a large extent by what they perceive as being more natural (Ulrich et 
al., 1991). Public education is key to raising awareness on the environmental degradation of  the urban river systems 
and how the community can take actions to make a difference. The public should be informed and educated as to 
how riparian restorations will impact on the naturalness of  the river environment. People’s aesthetic preferences 
tend to strongly support riparian restoration. For this reason the aesthetic advantages need to be exploited more 
in the planning stages rather than just the ecological and hydrological advantages (Junker & Buchecker, 2008).
3.8 Local Ecosystems
Christchurch City is made up of  a number of  historical ecosystems that are differentiated by their underlying 
geological and climatic conditions. There are four main natural ecosystems types within the City boundary. These 
are: the coast, wet and dry plains and the Port Hills. The ecosystem of  most relevance to this discussion is that of  
the wet plains, which stretch from the base of  the Port Hills to the edge of  the Waimakariri River, covering most 
of  central Christchurch and the surrounding suburbs (Lucas, 1996). The wet plains where historically made up of  
reed beds, swamps and wetlands with sections of  podocarp forest. The only remaining natural remanent of  this 
forest type in Christchurch is Riccarton Bush. Severe flooding of  the Wainakariri River before human habitation 
destroyed many of  these forests along with forest burning practises by early Polynesian settlers. Much of  this 
forestland was then colonised by bracken fern and scrub species. Springs, swamps and wetlands were common 
on the eastern side of  the city. Around the time of  European settlement the river margins in Christchurch were 
densely vegetated with tall sedges, New Zealand flax, ferns, Toe Toe and Koromiko. Much of  this vegetation was 
cleared and trimmed back to form the bare and eroding banks that we know today.  For the first 140 years of  
life in Christchurch, a significant amount of  time and resources were put into draining and filling this wetland 
landscape to make the land more usable for development (Christchurch City Council, 2000).
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Figure One: Christchurch Ecosystems Map, (Lucas, 1996)
Within the wet plains ecosystem, there are a number of  more detailed historical ecosystem types that are differentiated 
by their age and the underlying soil conditions. The most prominent ecosystem that covers three quarters of  the 
study site is the Kahikatea, older plains ecosystem. This ecosystem is dominated by wet Taitapu soils, which consist 
of  layers of  clay and sand alternating on silt over greywacke river stones. This ecosystem has its own specific list 
of  plants that are adapted to living in these wet soil conditions. The other ecosystem that has relevance to this area 
is the Totara, older plains ecosystem. This ecosystem is made up of  deep, moist Kaiapoi and Templeton soils. A 
specific plant list for both ecosystems outlines the growing conditions and their benefits to native birds, insects 
and lizard species. The plant lists for these two ecosystems can be found in: Christchurch Otautahi Indigenous 
Ecosystems, Part Three (Lucas, 1996)
Chapter Four: Low Impact Urban Design (LUID) Structures 
4.0 Swales
Swales are used as alternatives to traditional concrete kerb and channels to convey stormwater. They consist of  
open vegetated (usually turf  grass) drains, which help to provide stormwater filtration before discharging either 
back into the reticulated system or into another stormwater treatment system. They are also sometimes referred 
to as biofiltration swales (Deletic & Fletcher, 2006). Swales can be used as a pre-treatment system as part of  a 
treatment train or as stand-alone systems that provide basic stormwater treatment of  contaminated stormwater. 
Swales can be used in a variety of  land-use types such as residential, commercial and industrial sites. They are often 
located in situations such as along property boundaries and adjacent to impervious surfaces such as footpaths and 
roadways (Auckland Regional Council, 2003).
Wetland swales are a variation on a basic grass swale. Instead of  using turf  grass species they are heavily planted with 
native wetland species. Wetland swales are better suited to areas with slight slopes and a high groundwater table, as 
wetland plants can sustain water inundation for longer periods. The general shape of  the swale remains the same 
as a grass swale except for one key difference, the width. Wetland swales require greater widths as the vegetation is 
not as dense as turf  grass swales. To achieve the same filter ability as a turf  grass swale, the stormwater needs to be 
spread evenly over a greater area. For specific design requirement of  swales refer to the Auckland Regional Councils 
Technical Publication Ten (Auckland Regional Council, 2003).
Swales should be a minimum of  thirty meters in length; the longer they are the greater the treatment efficiency 
achieved. Swales should not be used in areas that have slopes greater than five percent as erosion can be a major 
problem. Where possible swales should be used in conjunction with other integrated stormwater systems such as 
detention basins, wetlands and wet-ponds, all of  which store stormwater runoff  and increase treatment efficiencies 
(Mazer, Booth, & Ewing, 2001). The cleaning abilities of  swales are extremely variable with cleaning efficiencies 
decreasing with increasing flow rates. Increased flow rates allow for little infiltration of  stormwater into the soil and 
can in fact cause the swale to become a sediment source rather than a sink (Deletic & Fletcher, 2006).
Swales use primarily physical processes to remove particulates that are suspended within the stormwater, this is 
done through infiltration, deposition and filtration (Deletic & Fletcher, 2006). Through the process of  infiltration, 
heavy metals and other dissolved chemicals can become attached to the soil media and other organic matter in 
the bottom of  the swale (Popov, Cornish, & Sun, 2006). Pollutants in stormwater include sediments, nutrients, 
heavy metals, synthetic organics, pathogens and hydrocarbons. Swales retain these pollutants within the soil media, 
sediment deposits, and vegetation cover (Mazer et al., 2001).
With swale performances being extremely variable there are a number of  factors that can help to improve the 
swale’s treatment efficiencies. These factors include:
• Check dams to help reduce water velocities
• Flat slopes of  2% or less
• Permeable soils 
• A dense mat of  turf  cover
• Long contact time with vegetation within the swale
• Combining the swale with other integrated systems
• Long swale lengths
There are also a number of  factors that can decrease the swales treatment abilities. These factors include:
• Over compacted soils
• Short retention times within the swale system
• Large storm events
• Grass lengths shorter than 50mm
• Steep slopes greater than 2%
• High runoff  velocities
• Water inundation that concentrates flow and prevents grass growth
 (Christchurch City Council, 2003b)
Swale systems require regular maintenance to ensure their treatment abilities. These consist of  regular lawn 
mowing to keep the grass healthy and stop the turf  species from forming clumps, allowing preferential flows to 
develop. They also need to be regularly checked for obstructions and significant sediment deposits. Over time the 
swale may need to be re-seeded to maintain its turf  coverage (Christchurch City Council, 2003b).
4.1 Infiltration basins 
Natural landscapes manage stormwater through a combination of  evaporation, infiltration and runoff. Infiltration 
of  stormwater is critical to the health of  plants, groundwater recharge and the base flows of  many streams and 
rivers. Infiltration systems help to reduce the impact urban development has on the hydrological cycle. The goal 
of  infiltration systems is to deal with water on site so that it reduces the amount of  stormwater entering the 
traditional reticulated system (Echols, 2008). 
There are a number of  different types of  infiltration systems such as infiltration basins, French drains, soakaways, 
porous pavements and vegetated bio-retention basins (Siriwardene, Deletic, & Fletcher, 2007). Their ability to 
reduce water volumes and diffuse pollution levels makes them attractive to developers. Infiltration basins also 
have the ability to encourage development away from existing stormwater networks as well as enhancing urban 
sites such as parks and playgrounds where they have been incorporated. 
Despite these advantages the long-term sustainability of  infiltration basins is not well understood beyond a life 
span of  thirty years. The two major problems encountered are clogging, which compromises the soils hydrological 
capacity and the eventual contamination of  the underlying soils (Dechesne, Barraud, & Bardin, 2004). 
Infiltration systems are not that effective if  implemented in areas with low permeability soils and a high 
groundwater water table. In some cases infiltration systems may be a source of  soil and groundwater contamination 
(Siriwardene et al., 2007). Infiltration basins have been shown to remove up to fifty percent of  pollutants from 
filtered stormwater. Studies show that heavy metals are more likely to be trapped in soil layers than hydrocarbons, 
which are more mobile in soil than heavy metals. Infiltration basins that were studied for their contamination 
levels, found that the topsoil layer had the highest levels of  contamination but decreased quickly with depth 
(Dechesne et al., 2004). The biggest disadvantage in using infiltration systems is that they have a high likelihood 
of  failure due to clogging. In stormwater systems clogging occurs primarily through the deposition of  sediment, 
which in turn reduces the permeability and porosity of  the infiltration layer. A clogging layer will gradually form 
between the interface of  the gravel filter and the underlying soil. If  the water level in the infiltration system 
fluctuates it causes the sediment to eventually get dragged down to the filter/soil interface.
Integrated Stormwater Management in the Avon River Catchment 12
Integrated Stormwater Management in the Avon River Catchment 13
In systems that never completely empty, either by design or because of  a high water table, the sediment is more 
likely to accumulate around the minimum water level. This then forms a plug layer of  sediment, which reduces 
the amount of  sediment reaching the filter/soil layer. It has been suggested that infiltration systems could be 
implemented down stream of  retention basins that allow for the majority of  sediment to settle out before it enters 
the infiltration system to help prolong its life span (Siriwardene et al., 2007). 
Bio-retention basins are vegetated depressions that use biological processes to treat contaminated stormwater 
and are one of  the many types of  infiltration systems that are being implemented around the world. One of  the 
advantages to using bio-retention basins is that they deal with urban stormwater but they also have the advantage 
of  bringing nature back into highly urbanised areas. Biodiversity enhancement in urban areas can increase people’s 
awareness and sensitivity to ecological values and natural processes. Bio-retention basins, despite their small size and 
relatively young age can be key habitats for a variety of  species that live within urban environments. In relation to 
terrestrial invertebrates, studies have found that a higher diversity of  plants and a greater depth of  leaf  litter within 
bio-retention basins correlates with higher species diversity in terrestrial invertebrates. Enhancing biodiversity in 
urban areas helps to create sustainable ecosystems which in turn can provide ecosystem services to the wider 
community (Kazemi, Beecham, Gibbs, & Clay, 2009).
4.2 Rain Gardens
The term rain garden refers to a type of  biofiltration system that vertically filters stormwater through soil media 
and dense vegetation. The treatment efficiency of  rain gardens is achieved through the processes of  sedimentation, 
filtration, absorption and biological up take of  nutrients by plant species (Hatt, Fletcher, & Deletic, 2009). Rain 
gardens are typically constructed using a layer of  vegetated soil media placed inside a trench or basin. These may 
or may not be lined to stop water infiltration to surrounding soils, depending on the groundwater conditions. Many 
rain gardens also incorporate water detention above the gardens surface along with underground drainage to help 
collect and discharge clean stormwater (Blecken, Zinger, Deletic, Fletcher, & Viklander, 2009). 
Rain gardens are becoming more widely used in urban environments due to their flexibility in terms of  size, 
location and how they are configured. For example they can be used as filter strips alongside roadways or as rain 
gardens within private and public locations (Bratieres, Fletcher, Deletic, & Zinger, 2008). On top of  their ability to 
be flexible, rain gardens provide important landscape improvements such as habitat and aesthetic enhancements 
(Hatt et al., 2009). 
The two key processes used by rain gardens to clean contaminated stormwater is filtration through the soil media 
and biological uptake by vegetation (Bratieres et al., 2008). Rain gardens have been recorded to consistently remove 
both nutrients, suspended solids (Bratieres et al., 2008) and heavy metals (Hatt et al., 2009). Removal of  nitrogen 
and nitrate can be variable depending on the systems parameters (Hatt et al., 2009). Systems that are designed 
without vegetation still have high removal efficiencies for heavy metals, but can become sources, rather than sinks 
for nutrients such as nitrogen and nitrate (Bratieres et al., 2008).
Removal rates for heavy metals in contaminated stormwater are high when treated by rain gardens. Previous studies 
have found that the removal rate remains high for a variety of  different filter media, even when the rain gardens are 
un-vegetated. The metals are often not transported far in the filter material remaining near the top of  the soil profile 
(Blecken et al., 2009). Blecken et al., found that the filtration of  nutrients was most effective in the first 150mm 
of  media with smaller amounts continuing to be filtered up to 450mm in depth. These studies imply that the filter 
media does not need to be more than 500mm in depth to achieve high heavy metal removal rates. Bratieres et al., 
found that the particulate form of  phosphorus was removed by filtration in the top layers of  filter media only.
Current standards for rain garden design in both Melbourne, Australia (Blecken et al., 2009) and Auckland, New 
Zealand (Auckland Regional Council, 2003) recommend filter depths of  one meter. This can make it difficult to 
retrofit them with the existing infrastructure.
To help improve the ability of  rain gardens to remove nitrogen, experiments have been conducted to include 
a submerged zone at the base of  the trench, which helps to lengthen retention times. This submerged zone is 
recommended to be at least 450mm deep. It can help plant species to survive during long dry periods in the 
summer months (Blecken et al., 2009). The submerged zone provided greater treatment efficiencies allowing the 
water discharged from the rain gardens to meet the Australian water quality guidelines. Untreated stormwater 
in Melbourne, Australia, which has very similar landuse and climatic conditions to Christchurch City, does not 
currently meet the New Zealand and Australian water quality standards. 
These standards refer to the water quality found in the river environments and not the stormwater discharge 
quality. To be able to meet the water quality requirements in our river systems, the water being discharged from 
stormwater pipes should meet these water quality standards (Blecken et al., 2009).
Vegetation is a key component in the treatment of  stormwater by rain gardens, it makes the systems aesthetically 
pleasing and provides key nutrient removal functions as well. Vegetation has been shown to improve the hydrological 
capacity of  soils by reducing the compaction and clogging of  the filter material through the promotion of  root 
growth (Hatt et al., 2009). The vegetation in rain gardens contributes to nutrient removal both directly through 
plant uptake and maintaining soil porosity, as well as indirectly, by encouraging soil microbial communities to 
establish. Not all plant species have the same treatment efficiencies, so it is important to have a mixture of  plant 
species within each garden. This provides better conditions for biodiversity as well as an aesthetically pleasing 
environment. Plant species should also be able to survive potentially stressful conditions, such as times of  drought 
(Bratieres et al., 2008). 
4.3 Dry Detention Basins
Detention basins are artificially constructed depressions that store water temporarily for the purpose of  
controlling its release to receiving downstream environments. They provide water quality improvements 
through the sedimentation of  coarse particles. Detention basins can either release water directly into receiving 
environments, such as streams and rivers or into further treatment options such as constructed wetlands. In some 
cases stormwater may be released straight back into the existing reticulated system without any further treatment. 
There are two types of  detention basins “dry detention basins” which remain dry between storm events and 
“wet detention basins” which retain a permanent body of  water. The following section will look at wet detention 
basins, commonly known as wet-ponds (Christchurch City Council, 2003b).
Detention basins are limited in their effectiveness at treating contaminated stormwater by their size. The shorter 
the detention time, the less settling occurs. This means that dry detention basins often only remove the larger 
sediment particles, as smaller particles take much longer to settle (Auckland Regional Council, 2003). If  the 
stormwater can be detained for up to twenty-four hours, larger volumes of  particulate matter can be removed. 
This does not include soluble elements, which require long retention times (Christchurch City Council, 2003b). 
Dry detention basins also offer very little heavy metal contamination removal, as the residence times are too 
short. Re-suspension of  previously deposited sediments can also occur when high inflow volumes occur during 
following storm events, meaning that the detention basin can become a source of  sediment rather than a sink.
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The Christchurch City Council discourages many small detention basins where there is room available for a single 
large system that can have multiple benefits and uses (Christchurch City Council, 2003b). Dry detention basins 
are not as effective as wet-ponds in the removal of  suspended solids. Stormwater bypasses are needed for large 
storm events to discourage the first flush volumes from being flushed straight through by incoming water volumes. 
Subsurface drainage may need to be installed to make sure that the basin remains dry between events. Careful 
consideration of  groundwater levels are also needed to make sure that the basins do not retain water between storm 
events (Auckland Regional Council, 2003).
If  the detention basin is in a park or reserve where there is public access, the stormwater should not remain in the 
basin for longer than twenty-four hours. Basins should be landscaped so as to integrate with the existing reserve 
or park. With careful landscape planning additional values can be added, such as ecological, recreational, cultural 
and drainage. Dry detention basins can be planted with native vegetation that provide opportunities for enhanced 
habitats especially for terrestrial bird species. The detention basins should have sufficient setbacks around the upper 
embankments to support native vegetation as well as for safety reasons (Christchurch City Council, 2003b).
Regular maintenance is required to keep the detention basin looking attractive, tidy and effective in its removal 
abilities. Regular mowing and trimming of  grass in and around the detention basin will be required. Attractive 
stormwater systems are more easily integrated and accepted by local communities. The banks of  the detention 
basins can be planted up with vegetation to reduce the amount of  lawn maintenance required. Woody tree and 
shrub species should be avoided as they can undermine embankment strength through the evasion of  roots. 
Accumulated sediment levels will need to be regularly checked and removed so as not to affect the operation and 
storage volume of  the detention basin (Auckland Regional Council, 2003). Regular mowing and litter removal 
can be time consuming tasks and therefore costly to the local authorities (Nanbakhsh, Kazemi-Yazdi, & Scholz, 
2007).
4.4 Wet-ponds 
A wet-pond is a permanent pond that has a standing pool of  water. This type of  pond can provide water quality 
improvements through their existing water storage as well as their extended flood detention (Auckland Regional 
Council, 2003). Wet-ponds are constructed for temporary storage of  stormwater to reduce peak flow discharges, 
trapping suspended solids and any other decayed plant matter and animal debris (Yousef, Hvitved-Jacobsen, Sloat, 
& Lindeman, 1994). The permanent pool of  water allows for the heavier sediment laden stormwater to sink below 
the previously stored clean stormwater. Unlike dry detention basins, wet-ponds have higher treatment efficiencies 
for dissolved contaminants in urban stormwater discharges (Auckland Regional Council, 2003). 
Particulate and dissolved elements accumulate in the loose sediment found on the bottom of  wet-ponds. The heavy 
metals are most prevalent in the top 100-200mm of  sediment. These metals become tightly bound to the surrounding 
sediment particles and will require periodic maintenance (roughly every twenty-five years) to remove them. If  
these contaminated sediment levels are left for too long they could cause potential groundwater contamination 
(Yousef, Lin, Lindeman, & Hvitved-Jacobsen, 1994). The heavy metal levels will also have a significant impact on 
the invertebrate diversity of  the wet-pond. Invertebrates are considered good indicators of  water quality as they 
have a wide variation in sensitivity to contaminants and relative immobility. Studies on invertebrate levels in wet-
ponds indicate that as heavy metal contamination increases, species diversity decreases (Yousef, Baker, & Hvitved-
Jacobsen, 1996).
For wet-ponds to be effective there may need to be an additional water supply, if  the pond is not dug into the 
groundwater table. Otherwise a minimum contributing area of  two to three hectares is required to maintain the 
permanent water body.
Wet-ponds are often not feasible in mature urban catchments where the cost of  land is high, due to large surface 
area requirements (Auckland Regional Council, 2003). Wet-ponds should be sized to treat seventy-five percent of  
the total suspended solids available. Under Christchurch conditions this equates to roughly a fifteen-millimetre 
rainfall event. The wet-pond is also required to capture the first flush volume on top of  this. The depth of  the 
wet-pond can range from between one to two meters deep. A shallow shelf  around the edge of  the wet-pond is 
needed if  there the pond is easily accessible to public (Christchurch City Council, 2003b).
Landscape design should try to limit the amount of  habitat available to waterfowl, as high numbers can jeopardise 
water quality. Heavy planting around the edges and steeper banks will help to discourage mallard ducks as they 
prefer gentle grassed slopes (Christchurch City Council, 2003b). The design of  the wet-pond should also try to 
minimise mosquito-breeding habitat. There are a number of  design considerations for reducing the associated 
problems caused by mosquito populations, which like to breed in permanent water bodies. The design of  the 
wet-pond/wetland should allow predator species, such as insects, fish, and frog’s access to all parts of  the water 
body. Information on specific species can be found in chapter eighteen in the City Councils Waterways, Wetland 
and Drainage Guide: Part B. There must also be a permanent body of  water that acts as refuge for predator species. 
Overhanging vegetation and aquatic plants also provide ideal habitat for these predator species too. The wet-
pond/wetland systems should also experience regular fluctuations in water levels to disrupt the breeding cycle of  
certain species and strand larvae (Christchurch City Council, 2003b). 
Due to there being a permanent water body in wet-ponds, safety is a major concern. They must be designed and 
built to the correct standards and actively maintained. Wet-ponds are effective tools in integrated stormwater 
management but care must be taken to ensure their long-term effectiveness. Specific design requirements for 
wet-ponds can be retrieved from the Christchurch City Councils Waterways, Wetlands and Drainage Guide Part 
B (Christchurch City Council, 2003b) and The Auckland Regional Councils Technical publication Ten (Auckland 
Regional Council, 2003).
4.5 Constructed wetlands
Wetlands are complex shallow water environments that are dominated by water loving plant species. It has only 
been in the last forty years that our knowledge on the benefits of  wetlands has been acknowledged. We now know 
that they provide benefits, such as flood attenuation, maintenance of  water quality and provide habitat for a vast 
array of  aquatic species. Until recently the draining and filling of  natural wetlands was considered an accepted 
practise to improve the usability of  land. In urban areas all around New Zealand wetlands were drained for land 
development and enhancement for agricultural purposes. Approximately ninety percent of  natural wetlands in 
New Zealand have been destroyed (Auckland Regional Council, 2003).
Diffuse pollution has been recognized in the USA as a major cause in the degradation of  surface water quality. It 
has been estimated that this diffuse pollution contributes up to seventy-five percent of  pollution levels in rivers and 
up to forty-five percent of  pollution in estuaries (Hough, 2004). By definition diffuse pollution cannot be treated 
by existing conventional systems and often requires an integrated landscape approach. Interest has developed 
in using natural, restored or constructed landscape approaches to treat urban surface water runoff  (Johengen & 
LaRock, 1993). Constructed wetlands have become increasingly important tools for the enhancement of  water 
quality runoff  in countries such as Europe, UK, USA and Canada (Hough, 2004). 
Constructed wetlands are a combination of  shallow vegetated sections and areas of  standing water. They are 
designed to replicate the benefits and processes of  natural wetlands. The four key benefits of  constructed wetlands 
are: offsetting the loss of  natural wetlands, improving water quality, improving flood control and providing food 
and habitat for aquatic species. 
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Constructed wetlands provide multiple uses and benefits to the local environment and are becoming more common 
in urban situations (Auckland Regional Council, 2003). There are wetlands throughout New Zealand that receive 
some stormwater from industrial and mixed rural/residential catchments but there are very few constructed 
wetlands that have been designed specifically for stormwater discharges from mature residential catchments. The 
preferred wetland system for the Christchurch City Council is the free water surface wetland. These wetlands are 
designed to:
• Have a permanent surface of  water
• Have longer retention times, which means better removal efficiencies
• Encourages settling of  sediments in open water sections
• Trapping of  suspended solids by macrophyte species
• Biological uptake of  nutrients by macrophytes and benthic algae
• High production of  dissolved organic matter
It is important that all wetland systems are combined with some form of  water detention to help lengthen the 
life span of  the wetland by reducing the sediment intake, as well as balancing and restricting water flows into the 
wetland. Specific design considerations for surface flow wetlands can be found in both the Christchurch City 
Councils Waterways, Wetlands and Drainage Guide part B (Christchurch City Council, 2003b) and The Auckland Regional 
Councils Technical publication Ten (Auckland Regional Council, 2003).
If  wetlands are constructed in areas with high groundwater tables the seasonal fluctuation needs to be carefully 
analysed before the wetland is excavated, as they could become inundated by groundwater. To help diversify 
wetland habitats, islands, shelves and plateaus should be incorporated into the wetland design. The shelves and 
plateaus should be chosen to suit specific plant species, as each species will require different water depths. These 
differing depths will also help to make the wetland appear more natural. Species diversity in constructed wetlands 
is never as high as natural ones. To improve species diversity, specific species need to be targeted in the design 
phase, as each species will have different habitat requirements. This is the same for plant, bird and invertebrate 
species (Romanowski, 2009). Due to the shallow water depths around the edges of  the wetland, dense vegetation 
forms, help to provide a natural barrier for children. This also discourages people from wanting to use the wetland 
as a recreational water facility (Auckland Regional Council, 2003).  To provide better habitat for waterfowl and 
marshland bird species, a combination of  shallow reed marshes and open water provides ideal habitat. The open 
water depths should be between half  a meter and one meter. This combination of  vegetation and open water also 
provides a more visually appealing landscape (Ellis, Revitt, Shutes, & Langley, 1994).
Vegetation is the crucial component in the cleaning ability of  constructed wetland systems. Macrophyte plant 
species are key to the cleaning process as they assimilate pollutants in their tissue while providing ideal habitat 
for microorganism growth. The rhizomes also encourage sedimentation of  suspended solids and transfer up to 
ninety percent of  the plants oxygen, stimulating both aerobic decomposition of  organic matter and the growth of  
nitrifying bacteria. Organic matter accumulates in wetlands over time through the annual turnover of  leaves and 
shoots. Root growth helps to brake down this accumulated organic matter as well as preventing the substrate from 
becoming clogged over time. Heavy metals have also been known to bind directly to organic matter (Lee & Scholz, 
2007). The organic litter also provides necessary energy and nutrient sources for microbial processes (Johengen & 
LaRock, 1993).
There are a number of  studies that encourage the harvesting of  macrophyte species annually. Further studies 
indicate that this can reduce available oxygen levels and microbial activity in the rhizosphere. The process of  
harvesting can also cause compaction of  the soil substrate decreasing conductivity, hence it is recommended 
not to harvest macrophytes, if  maximum nutrient removal efficiency is the key outcome (Gumbricht, 1993). 
With rapid urbanisation in the last few decades, heavy metal pollution has increased significantly in our urban 
environments, elevating the threats to both ecosystems and human beings. Heavy metals are essential to plant 
growth but can become toxic at high levels. Unlike organic pollutants heavy metals cannot be broken down by 
biological processes, hence why they are a serious risk to surface water environments. Phytoremediation is an 
accepted method to treat both polluted water and soils using vegetation. The vegetation can remove, mitigate and 
immobilize many of  the heavy metals found in urban stormwater. Certain plants process heavy metals better than 
others so it is important to have a diverse mixture of  plant species to achieve better removal efficiencies (Liu, Li, 
Shao, Xu, & Wang, n.d.).
4.6 Porous pavement
Impervious surfaces have long been linked to water degradation in urban and developing areas. Many of  these 
surfaces have been designed to accommodate vehicular traffic but many only experience minimal usage such as 
parking lots, driveways and road shoulders. The creation of  large areas of  impervious surfaces associated with 
vehicle use leads to multiple impacts on aquatic environments. These impacts include higher peak stream flow, 
bank erosion, increased sediment transportation and reduced infiltration to the groundwater recharge zones.
Permeable pavement systems are typically made up of  a matrix of  concrete blocks or plastic web systems that 
allow the voids to be filled with gravel, sand or soil. These voids allow stormwater runoff  to infiltrate through to 
the underlying soil. Water quality data showed that water from the porous pavements was significantly better than 
surface water run off  from traditional asphalt. The ability for different permeable pavements to deal with all of  
the stormwater produced in a particular event depends on the intensity of  the precipitation and the percentage 
of  cover by the permeable pavement (Brattebo & Booth, 2003).
Typically porous asphalt has an open graded surface laid over an underlying stone recharge bed. This allows water 
to drain through the porous asphalt and into the stone recharge bed from where it can then infiltrate into the 
underlying soil. The available data indicates that porous asphalt is very effective at removing suspended solids, 
metals, grease and oils. The stone recharge bed may also be used to manage stormwater from other nearby 
impervious surfaces such as roofs and driveways. This is done through the use of  alternative entry points to the 
recharge bed with perforated pipes. Porous pavements are not designed to store and infiltrate all stormwater from 
any given event so it is important that there are overflow devices in place to prevent water from rising up through 
the pavement (National Asphalt Pavement Association, n.d.).
Porous asphalt is somewhat coarser than conventional asphalt and is only slightly different visually. These types 
of  pavements are more appropriate for use in low traffic areas such as parking lots, road verges and courtyard 
surfaces. The aim of  porous pavements is to try and distribute water evenly over a given area, their use on sloped 
sites is not recommended (McDaniel, n.d.). One of  the biggest problems faced by porous pavements is their ability 
to become clogged with sediment and other organic and inorganic matter. Particulates accumulate in the open 
pores of  the pavement, which over time reduce their ability to deal with stormwater events, eventually becoming 
impervious. It is recommended that for any impervious surface there is a rigours maintenance programme in 
place. For example in the Netherlands special machines have been designed that contain both pressure washing 
and vacuum machinery that cleans the streets twice a year (Barrett & Shaw, 2006).
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4.7 Green roofs
Traditional roof  tops are often unsightly and play very little part in the buildings aesthetics, they also add to 
the impervious surfaces found within urbanised environments which require some sort of  stormwater mitigation 
measures (Novak, 2005). Green roofs are one of  a number of  low impact urban design tools used to help reduce 
stormwater flows in urban environments. The biggest advantage of  using green roofs in highly developed 
catchments is that they can be implemented within areas where land is unavailable for such measures as retention 
ponds, grassed swales, constructed wetlands and where defined infrastructure makes it difficult to develop land 
(Hilten, Lawrence, & Tollner, 2008).  Green roofs include many of  the same components as traditional roofs such 
as insulation, waterproofing membrane, ballast and flashings. Green roofs require extra components to provide 
moisture retention/drainage and some form of  growing media to support plant growth. 
There are two types of  green roofs commonly implemented. Intensive green roofs have a deeper growing media and 
can support larger species of  trees and shrubs whilst also allowing access for recreation (Novak, 2005). Intensive 
green roofs can have a substrate greater than 150mm and are only implemented on roofs with a slope less than 
ten degrees. Extensive green roofs often have a growing medium of  less than 150mm and support mostly sedum 
species and a variety of  ground cover plants. These extensive green roofs can be implemented on sloped roofs with 
an angle of  up to forty-five degrees. Extensive green roofs do not usually allow access for recreation (Mentens, 
Raes, & Hermy, 2006). Green roofs add weight or dead load to a roof, so it is important that the structure of  the 
roof  is capable of  holding this weight. In many cases the weight of  an extensive green roof  is similar to that of  
a traditional roof  with ballast but with intensive green roofs the weight increases with the depth of  the substrate 
used (Novak, 2005). 
Green roofs provide stormwater management by reducing runoff  velocities and temporally storing and releasing 
it through evaporation into the atmosphere (Carter & Jackson, 2007). Rainfall retention varies from up to seventy 
five percent retention for intensive green roofs (with a medium depth of  150mm), to forty five percent retention 
for an extensive green roof  with a substrate level of  100mm. The climatic condition of  the area along with the 
precipitation levels play a large part in the amount of  stormwater retained by green roofs. Seasonal variability 
occurs in the amount of  water retained with studies showing that water retention is significantly less during winter 
than in summer (Mentens et al., 2006). Once the field’s roof  capacity has been reached during a rainfall event all 
rainfall becomes an outflow from the soil column as if  it were an impervious surface. The amount of  retention and 
detention varies dramatically between different soil types and the depth of  the substrate (Hilten et al., 2008). 
Green roofs can also improve local environments by providing habitat biodiversity where there is currently none, 
as well as reducing the urban heat island effect. Extensive green roofs have great potential as a climate change 
mitigation tool as they can be retrofitted to existing roof  structures. However there are technical difficulties with the 
implementation of  green roofs in countries like New Zealand and Australia regarding plant growing material, lack 
of  standards, inexperienced installers, and plant species that fit the climatic conditions of  these countries (Williams, 
Rayner, & Raynor, 2010). 
The Christchurch City Council does not consider green roofs or porous pavements in its Waterways, Wetlands and 
Drainage Guide: Part B and therefore does not supply construction or treatment efficiency details. For this reason 
these treatment options have not been considered in the following case studies. Both green roofs and porous 
pavements could further advance the treatment efficiencies for parts of  the Richmond catchment and ultimately the 
Avon River catchment. Further research on porous pavements and green roofs under local Christchurch conditions 
would need to be completed before the City Council will start to consider these systems as acceptable options to 
use in its design suite. 
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Figure Two: Christchurch City land drainage map retrieved from the Christchurch City Council
The map below shows the various river catchments that make up the Christchurch City 
Region. The Avon River catchment (in green) has the highest proportion of  developed 
land compared to the four other catchments. It also shows how nearly all of  the feeder 
streams and creeks for the Avon River, start and finish within these highly developed 
areas.
5.0 Christchurch City Land Drainage
Chapter Five: Context
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5.2 Richmond Catchment Zoning
Figure Three: Avon River catchment map retrieved from the Christchurch City Council 
Figure Four: Richmond catchment zoning map. (Retrieved from http://www.cityplan.ccc.govt.nz/NXT/gate-
way.dll?f=templates&fn=default.htm on the 16 of  January 2011)
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An existing avenue of  trees 
has been planted on both sides 
of  the street in the grass berm 
between the footpath and the 
boundary fence. 
Nicholls Street highlighted in purple is positioned at the top 
of  the Swanns Road catchment. 
Figure Six: View of  eastern side of  Nicholls 
Street, photo by Rebecca Fifield
Figure Five: Image of  Swanns Road catchment. (Retrieved from: google.2011.googlemaps. 
Retrieved 16, February, 2011, from Http://maps.google.com/) and modified by Rebecca 
Fifield
Nicholls Street Trees
Figure Seven: Looking towards the Northern end of  Nicholls Street photo by:  Rebecca Fifield
Nicholls Street
Section A-A’ Existing street cross section
This existing street cross section (indicated in section 6.4) shows the layout of  Nicholls Street, which is typical of  many 
suburban streets throughout Christchurch with a twenty meter wide road boundary. They often have a ten to fourteen 
meter wide carriage way, which provides for on street parking on both sides while still leaving  plenty of  room for cars 
to pass easily in both directions. There are footpaths and large grass berms on either side of  the carriage way.
This partially vegetated swale off  Cypress Street in Linwood, 
uses a combination of  native plants and turf  grass to detain 
and treat the stormwater from a thirty seven lot subdivision. 
It is positioned between the road and residential properties, 
with both properties sharing a bridge for vehicle access. 
This is a good example of  a larger vegetated swale between 
the road and private property. However, bridging can be of  
considerable expense and does not allow vegetation to grow 
underneath, thus piped culverts have been proposed for both 
options.
Example of  a partially vegetated swale
Example of  a grass swale
This photo shows a grass swale in the residential subdivision 
of  Kirk Wood in Wigram, Christchurch. It uses grass lined 
ditches to collect stormwater from the roads and footpaths 
before discharging it into a nearby detention basin. 
Example of  a vegetated swale garden
Another vegetated swale garden in the Kirk Wood subdivision 
is an example of  how planting can be used to cover much of  
the drainage channel to discourage people from entering it, 
as well as provide a more diverse habitat. Maintenance can 
be an issue with litter accumulating and should be checked 
regularly. A similar style of  planting as this is envisioned for 
the retention basins that are positioned evenly along the 
length of  each swale option proposed later.
Swanns Road Catchment
N
Figure Eight: View of  Cypress Street partially vegetated swale
Figure Nine: View of  the Kirk Wood subdivision grass swale
Figure Ten: View of  vegetated swale garden in the Kirk Wood subdivision
Chapter Six: Case Study One: A Typical Residential Street
Nicholls Street is a typical L1 (living one) zoned residential street with a twenty meter wide road 
boundary. Living one zones provide principally for low to medium density permanent living 
accommodation. There are a total of  nine streets within the Swanns catchment that have a twenty 
meter wide road boundary. Nicholls Street is located at the top of  the Swanns Road catchment where 
stormwater currently drains via surface gutters to both the southern and northern ends of  Nicholls 
Street. At the southern end of  the street stormwater enters a drainage sump from where it dischargers 
into the reticulated network under North Avon Road. Stormwater from the northern end of  the street 
is piped around the corner and into the  Dudley Street gutters.
6.0 Existing parameters
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Vff=10Aeffdff
Vff  = First flush volume
Aeff = 1.56973 (ha) Catchments effective first flush runoff area
dff    = 25 (mm) First flush rainfall depth
Impervious Area = 39.74 (%)
Vff   =  392.43 (m3)
The first flush volume for Christchurch takes into account the first twenty five 
millimeters of  rain over all impervious surfaces in the site. At a minimum the 
first flush volume should be captured and treated before being released either 
back into the reticulated system or into another treatment system. 
Q = 2.78(iCpApv+iCiAim)
Q = Volume of discharge in (l/s)
C = 0.25 Runoff coefficient
Ci = 0.5 Coefficient impervious
Cp = 0.1 Coefficient pervious
i = 10 (mm/hr) Rainfall intensity
Aim = 1.57 (ha) Impervious Area
Apv = 2.38 (ha) Pervious Area
D = 3.3 (hr) Storm duration
Q = 28.44 (l/s)
Total volume for 1 in 5 year flood = 337.86 (m3) per 3.3 hours
The calculations for the one in five year flood event have been done using the 
Christchurch rainfall intensity found in the Waterways and Wetland Drainage Guide 
appendix 10. As 97% of  all rainfall events in the Christchurch region do not 
exceed 10mm/hour in intensity, (personal communication with Roy Eastman). 
The intensity data used was chosen based on it raining at 10mm/3.3 hours.
For systems that discharge into the Avon River, the Christchurch 
City Council prefer them to be designed to accommodate a one 
in fifty year flood. Retrofitting existing suburban areas can be 
difficult as there is a limited amount of  land available to treat 
large volumes of  water such as those produced in one in fifty 
year flood event.
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This longitudinal cross section shows how the retention basins proposed for both swale options are designed to collect and retain stormwater. Once each retention basin has reached full capacity it overflows through a stone 
weir, which redistributes the flow evenly along the width of  the swale channel. Once full capacity of  all the basins have been reached, the water discharges back into the reticulated system.
Section B-B’ Proposed longitudinal section of Nicholls Street
Residential site: First Flush Volume
Residential site: 1 in 5 year Flood
Q = 2.78(iCpApv+iCiAim)
Q = Volume of discharge in (l/s)
C = 0.25 Runoff coefficient
Ci = 0.5 Coefficient impervious
Cp = 0.1 Coefficient pervious
i = 5.9 (mm/hr) Rainfall intensity
Aim = 1.57 (ha) Impervious Area
Apv = 2.38 (ha) Pervious Area
D = 24 (hr) Storm duration
Q = 16.78 (l/s)
Total volume for 1 in 50 year Flood = 1449 (m3) per 24 hours
Residential site: 1 in 50 year Flood
The flow chart on the right indicates the process taken in the 
design of  the two residential options. Stormwater modelling 
was used to help establish treatment volumes for the two design 
options. These volumes were then used to establish the pollution 
input levels produced by the residential site and the removal 
efficiencies that can be achieved by being treated by the two 
proposed options.
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Figure Eleven: Residential design flow chart
6.1 Stormwater Modelling 6.2 Residential Design Flow Chart
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Nicholls Street Case Study: Option One and Two
Residential Houses
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Grass Swale Retention Basins
Grass Swale
Swale outflow sumps
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13.58
Existing spot heights
Proposed spot heights
The surface flow in Nicholls Street has been altered in this case study so that all of  the stormwater produced 
by Nicholls Street drains to the southern end of  the street. The wetland swale is most appropriate as it requires 
limited slope and is suited to areas with a high ground water table. The carriage way width remains the same but 
has been moved to one side of  the road to allow room for the wetland swale, which requires a large width to 
length ratio, to allow stormwater to evenly disperse through the dense vegetation. The wetland swale has been 
positioned between the footpath and road carriage on one side of  the street and collects all of  the stormwater 
produced by the surrounding impervious surfaces, such as roads, roofs and footpaths.
The wetland swale is heavily vegetated with native wetland plant species along its entire length, providing 
continuous habitat for various bird and invertebrate species. The wetland plants play a crucial part in the 
pollution removal process, through the biological uptake  of  nutrients while reducing water velocity which 
increases the sedimentation process. The wetland swale provides extensive natural play sites for local children 
and makes the path of  the stormwater highly visible to the local community. The natural planting also provides 
a more aesthetically pleasing recreational environment, helping to reduce peoples stress levels and increase their 
enjoyment of  outdoor urban environments.
Option two incorporates two grass swales positioned between the footpath and road carriage on both sides of  
the street. Stormwater from the road’s surface flows evenly towards the verge on both sides of  the road, before 
discharging into the swales. Each swale collects the stormwater produced by the residential properties closest 
to it, as well as the bordering footpaths. The design layout allows for the existing street trees to remain where 
possible. The grass swales make the path of  the stormwater highly visible to the local community. 
N S
E
W
As grass swales only require half  the width that a wetland swale does they are easier to retrofit into 
existing residential streets. They are also potentially cheaper to install than traditional concrete 
curb and channel.
Scale at 1:500
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Figure Twelve: Wetland swale plan
6.3 Option One: Wetland Swale
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Figure Thirteen: Grass swale with retention basin plan
6.4 Option Two: Grass Swale with retention basins
A
A
’
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Section at 1:50
All surface runoff  from residential properties alongside the wetland swale is piped under the road into the swale. The 
existing road camber has been altered to allow all runoff  from the roads surface to drain into the adjoining swale. The grass 
berms have been removed to make room for the wetland swale. The existing street trees have been retained where they are 
on the upper slopes of  the swale and where they border the footpath on the eastern side of  the street.
Urban Pollutants First Flush Volume 
(392.43m3)
1-5 Year Flood Event 
(337.86m3)
1-50 Year Flood Event 
(1449m3)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Total suspended solids 12.95 70 3.89 11.15 70 3.35 47.81 70 14.34
Biochemical Oxygen 
Demand
2.74 30 1.92 2.36 30 1.65 10.14 30 7.10
Total nitrogen 0.98 40 0.59 0.84 40 0.50 3.62 40 2.17
Total phosphorus 0.10 60 0.04 0.09 60 0.04 0.38 60 0.15
Zinc 0.23 60 0.09 0.14 60 0.06 0.57 60 0.23
Copper 0.03 60 0.01 0.02 60 0.01 0.07 60 0.03
Lead 0.04 60 0.02 0.17 60 0.07 0.11 60 0.04
Hydro carbons 0.20 40 0.12 0.16 40 0.10 0.72 40 0.43
The above table shows the amount of  pollution produced by a typical residential street for all three flood scenarios. The 
removal rates used to calculate these levels are taken from the Pollutant Removal Efficiency Table in chapter 6, page 10 of  
the Christchurch City Council’s Waterways, Wetlands Drainage Guide part B. As there is no specific removal efficiency rate 
provided for a wetland swale, the removal rates for wetlands have been used instead. This requires the swale to hold water 
for two days to achieve the same treatment efficiencies.
Option one and two incorporate small retention basins at thirty meter intervals along their lengths to further aid water 
velocity reduction and increase residency times which helps to improve infiltration on site. All the retention basins will be 
heavily vegetated to assist  in biological uptake of  nutrients, while also improving invertebrate habitats. Where driveway 
access is needed concrete culverts have been implemented.
Graph ‘B’ Wetland swale removal efficiency
Kg
Section D-D’: Proposed wetland swale
Figure Fifteen: Wetland swale removal efficiency graph  ‘B’
Section C-C’: Retention basin and driveway access
6.6 Option One: Nutrient Removal Efficiency 
6.5 Option One: Wetland Swale With Retention Basins
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Graph ‘A’ Wetland swale removal efficiency
Kg
Figure Fourteen: Wetland swale removal efficiency graph ‘A’
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Table One: Residential wetland swale removal efficiency
C
C’
D D’
Section F-F’: Proposed grass swale retention basins
To help improve stormwater velocities and improve pollutant reductions within the grass swale system, small retention basins 
have been placed at regular intervals along the length of  each swale. Where retention basins are in place the carriageway has 
been reduced to active traffic only, with no parking in those particular sections. The retention basins also improve the grass 
swales habitat potential.
Urban Pollutants First Flush Volume 
(392.43m3)
1-5 Year Flood Event 
(337.86m3)
1-50 Year Flood Event 
(1449m3)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant input 
(Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Total suspended solids 12.95 40 7.77 11.15 40 6.69 47.81 40 28.69
Biochemical Oxygen 
Demand
2.74 30 1.92 2.36 30 1.65 10.14 30 7.10
Total nitrogen 0.98 30 0.69 0.84 30 0.59 3.62 30 2.53
Total phosphorus 0.10 30 0.07 0.09 30 0.06 0.38 30 0.27
Zinc 0.16 40 0.096 0.14 40 0.08 0.58 40 0.35
Copper 0.02 40 0.01 0.01 40 0.006 0.07 40 0.04
Lead 0.03 40 0.02 0.02 40 0.01 0.11 40 0.07
Hydro Carbons 0.20 40 0.12 0.17 40 0.10 0.72 40 0.43
Section E-E’: Proposed grass swales
The above table shows the efficiency of  a grass swale to treat the stormwater produced by the three given storm events. For this 
efficiency data to be correct the stormwater passing through the grass swale needs to have a residence time of  nine minutes. A 
dense even mat of  turf  coverage is needed along the bottom of  the swale, requiring periodic mowing to maintain these removal 
efficiencies.
Graph ‘A’ shows the removal efficiencies for suspended solids, 
biochemical oxygen demand and nitrogen by a grass swale. The 
grass swale is most effective at retaining suspended solids and 
trace metals that travel in soluble form. Grass swales have little 
effect on insoluble metals. Graph ‘B’ shows the grass swale’s 
ability to remove an average of  40% of  trace metals and 30% of  
phosphorus levels. 
Graph ‘A’ Residential grass swale removal efficiency
Kg
Graph ‘B’ Residential grass swale removal efficiency
Kg
Figure Sixteen: Residential grass swale removal efficiency graph ‘A’
Figure Seventeen: Residential grass swale removal efficiency graph ‘B’
6.8 Option Two: Nutrient Removal Efficiency 
6.7 Option Two: Grass Swale With Retention Basins
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Table two: Residential grass swale removal efficiency
Two grass swales border the road carriage edge, collecting stormwater runoff  directly from the carriageway and footpaths. 
All stormwater from residential properties is piped directly into the closest swale. The overall carriageway remains in the same 
location allowing for on street parking on both sides of  the road. The grass swales are retrofitted into the existing grass berms 
on either side of  the road. The existing street trees may have to be removed if  they encroach within the swale’s drainage zone.
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Grass swales improve the visibility of  stormwater but they do no increase biodiversity, vegetation or habitat 
levels any more than the current grass berms do. The grass species often used in grass swales are not suited 
to long periods of  inundation and therefor are not that well suited to areas that have a high groundwater 
table. Grass swale treatment efficiencies have the potential to decrease over time, while maintenance costs 
can increase. Grass swales are best suited to streets that are narrower than twenty meters in width, as they 
only require half  the space of  a wetland swale. Because they are easier to retrofit into narrow streets, the 
removal efficiency for grass swales has been used for the following overall catchment scenarios, as several 
of  the streets within the Swanns Road catchment are less than twenty meters wide, making grass swales the 
only viable option for retrofitting into these streets.
6.9 Table Three: Results Comparison for Wetland and Grass swales
Wetland Swale Grass Swale
Advantages Disadvantages Advantages Disadvantages
Plants induce sedimentation• Grass filters sediment• Requires periodic re-seeding to • 
maintain turf  cover
Root systems stabilize sediment deposits• Can become a source of  sediment• 
High nitrogen and phosphorus removal • 
rates
Needs regular mowing for effective • 
treatment
Leaf  litter absorbs pollutants• Leaf  litter can cause blockages• 
Treatment efficiencies increase over time• Long retention times needed• Only requires short retention times• Treatment efficiency is twenty percent • 
lower than the wetland swale
Increased habitat for birds, invertebrates • 
and plants
Very little new habitat, especially for • 
bird species
Provide areas of  core habitat• Large area of  land required• Require less land area in the • 
carriageway
Provides small disjointed areas of  • 
habitat
Creates vast green networks of  green • 
corridors
Natural play environments for local • 
children
Can be used as recreational space • 
when dry
Educational tool about the local water • 
cycle and wetland plants
Makes initial water cycle  more • 
visible
Decreases impervious surfaces• Extensive road works required• Original road camber retained• 
Requires less maintenance• Regular assessments needed to stop • 
preferential flows
Maintenance costs can be shared • 
amongst properties owners
Requires regular maintenance• 
Suited to areas with high groundwater • 
tables
Can not sustain water inundation and • 
shading
Not as many driveway crossings required• Driveway access can be costly• Easier to install driveway access • 
across
Requires twice as many driveway • 
crossings
Harder to retrofit into urban and • 
suburban areas
Easier to retrofit in narrow streets• 
Initial plant installation cost can be high• Cheaper initial installation costs• More expensive in the long term• 
Existing street trees on one side remain• Shading will affect vegetation growth• Existing street trees may have to be • 
removed
Water Quality 
Treatment
Habitat Improvements
Social Advantages
Installation 
& 
Maintenance
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The biggest disadvantage to using wetland swales is their large space requirements, making them difficult 
to retrofit  into existing street carriage ways. Where there is room available, wetland swales should be 
implemented as they produce higher treatment efficiencies and provide far more diverse habitats that will 
improve as the wetland matures. Wetland vegetation, such as flax and Juncus species are native to the area 
and will thrive under high groundwater conditions. The wetland swale provides significantly more benefits 
to the local community by increasing the amount of  nature visible, which has been proven to reduce peoples 
stress levels and encouraging outdoor recreation. Wetland swales are a good educational tool to show how 
increasing native vegetation can improve both the water quality and biodiversity levels in the surrounding 
areas. Increased riparian vegetation throughout residential areas will also help the community to become 
more accepting of  future riparian restoration projects along many of  Christchurch’s rivers and streams. 
The Richmond Working Men’s club and the smaller Richmond shopping 
complex (highlighted in red) are located in the northern half  of  the Swanns 
Road catchment.
Figure Eighteen: Image of  Swanns Road catchment sourced. (Retrieved from: google.2011.googlemaps. Retrieved 16, 
February, 2011, from Http://maps.google.com/) and modified by Rebecca Fifield
Swanns Road catchment
Figure Nineteen: View of  main Richmond Working Men’s club building Figure Twenty: The main Richmond Working Men’s Club club car park
Figure Twenty-three: The Richmond shopping centre looking from Stanmore Road
Figure Twenty-four: The main car park isle in the Richmond 
shopping centre
Figure Twenty-five: Car parking behind the Richmond 
shopping complex
The Richmond Working Men’s club is a multi story business complex with a large impervious asphalt car park. The club 
owns all of  the buildings and land within the block except for the Methodist church which is independently owned. The car 
park only reaches full capacity when special events are held. There is currently a number of  narrow garden beds around the 
perimeter of  the car park and alongside many of  the buildings. The only significant area of  open green space is the Quoits 
field. There are entrances into the site from both the northern and southern ends of  the car park.
Richmond Working Men’s Club (Large Carpark)
The Richmond shopping centre is made up of  a mixture of  retail shops that cater to the local community. The shops on the northern side of  the complex have entrances off  both North Avon Road and the central 
car park. The main vehicle entrance into the car park is off  Stanmore Road with a secondary entrance off  North Avon Road. There is parking throughout the central area and behind the main buildings at the back 
of  the site. This car park is covered in nearly one-hundred percent impervious asphalt with only a small amount of  vegetation at the eastern side of  the site, beside the unused area.
Richmond Shopping Centre (Small Carpark)
Figure Twenty-six: An unused part of  the Richmond 
shopping centre car park, behind the main building block
N
Figure Twenty-one: Quoits field used to implement the wet-pond Figure Twenty-two: Secondary car park within the large main car park
Chapter Seven: Case Study Two: Typical Large and Small Scale Car Parks
7.0 Existing Site Parameters
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Vff=10Aeffdff
Vff  = First flush volume
Aeff = 1.56 (ha) Catchments effective first flush runoff area
dff    = 25 (mm) First flush rainfall depth
Impervious Area = 92 (%)
Vff   =  639.40 (m3)
5 year Flood Event
First Flush Volume
The first flush volume takes into account the first  twenty five millimeters of  rain over the whole site. All stormwater 
treatment systems should at a minimum try to capture this amount. With these two sites having a combined 
imperviousness of  92%, the first flush volume is increased along with the amount of  contaminants that are being 
washed off  those impervious surfaces.
Q = 2.78(iCpApv+iCiAim)
Q = Volume of discharge in (l/s)
C = 0.25 Runoff coefficient
Ci = 0.1 Coefficient impervious
Cp = 0.5 Coefficient pervious
i = 10 (mm/hr) Rainfall intensity
Aim = 1.53 (ha) Impervious Area
Apv = 0.16 (ha) Pervious Area
D = 3.3 (hr) Storm duration
Q = 21.71 (l/s)
Total volume = 257.91 (m3) per 3.3 hr
Large Carpark
Q = 2.78(iCpApv+iCiAim)
Q = Volume of discharge in (l/s)
C = 0.25 Runoff coefficient
Ci = 0.1 Coefficient impervious
Cp = 0.5 Coefficient pervious
i = 10 (mm/hr) Rainfall intensity
Aim = 0.57 (ha) Impervious Area
Apv = 0 (ha) Area Pervious Area
D = 3.3 (hr) Storm duration
Q = 7.92 (l/s)
Total volume = 94.08 (m3) per 3.3 hr
Small Carpark
Q = 2.78(iCpApv+iCiAim)
Q = Volume of discharge in (l/s)
C = 0.25 Runoff coefficient
Ci = 0.1 Coefficient impervious
Cp = 0.5 Coefficient pervious
i = 10 (mm/hr) Rainfall intensity
Aim = 1.53 (ha) Impervious Area
Apv = 0.16 (ha) Pervious Area
D = 24 (hr) Storm duration
Q = 12.81 (l/s)
Total volume =  1106.78 (m3) per 24 hr
50 year Flood Event
Large Block
Q = 2.78(iCpApv+iCiAim)
Q = Volume of discharge in (l/s)
C = 0.25 Runoff coefficient
Ci = 0.1 Coefficient impervious
Cp = 0.5 Coefficient pervious
i = 5.9 (mm/hr) Rainfall intensity
Aim = 0.57 (ha) Impervious Area
Apv = 0 (ha) Pervious Area
D = 24(hr) Storm duration
Q = 4.67 (l/s)
Total volume = 403.48 (m3) per 24 hr
Small BlockFigure Twenty-seven: Aerial photo of  the business site indicating the existing drainage network: retrieved from Terralink and altered by Rebecca Fifield
The dotted blue lines on the above map indicate where the existing stormwater mains are located. The blue arrows 
show the direction of  the surface flow in both the large and small car parks. The majority of  stormwater in the large 
carpark drains via surface gutters and sumps out to the curb and channel on Avalon Street. From there it enters 
the reticulated system running under Cumberland Street. It is unclear where the stormwater from the majority of  
buildings drains to as this information is not covered in the council drainage maps. It has been assumed that it drains 
via underground pipes out to the nearest street gutter. The existing stormwater drainage for the small car park on the 
northern side of  the map is collected from the central car park via surface gutters, which discharge into the reticulated 
system under North Avon Road. The stormwater from building ‘Part A’ also discharges onto North Avon Road. The 
stormwater from the remaining buildings in the small car park discharge into the gutter on Stanmore Road. 
The large carpark stormwater modelling includes: All buildings and land within the property boundary and 
does not include stormwater produced by adjacent footpaths and roadways. The small carparks stormwater 
modelling includes: Stormwater from buildings A, B, C and D and the central carpark. It also does not 
include stormwater from the adjacent footpaths and road.
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7.1 Stormwater Modelling
Existing topographical photograph and Stormwater network
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The above flow chart shows the design process taken to analyze the treatment efficiency of  the first business option. Half  of  the water that is produced on site is treated by the main central wetland swale with 
secondary treatment by the wet-pond system. Due to the limited size of  the wet-pond a percentage of  water will overflow with no secondary treatment. The stormwater from the small car park is treated by dry 
detention basins. As with the wet-pond there is only a certain amount of  water that can be retained before overflowing without any further treatment. This untreated water is included in the calculations to establish 
what the overall pollution removal efficiency is for business option one.
Figure Twenty-eight: Wet-pond and swale design flow chart
7.2 Option One Design Flow Chart
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Option one combines a central wetland swale and a wet pond to provide an extensive area of  wetland and aquatic habitat for plant, insect and bird species. The design also incorporates a 
number of  small detention basins that take stormwater from the buildings in the small carpark and Richmond building A, C and the church buildings. The wet-pond may also attract waterfowl 
species, which in turn attracts local children to feed and observe them, however, this should be limited as too many waterfowl can reduce the water quality of  the wet-pond. The wet-pond 
incorporates a planted terrace to allow temporary storage of  stormwater, improves safety and discourages excessive use by mallard ducks while providing habitat for mosquito predators.  Due 
to the width of  the central wetland swale there is enough land available for the planting of  native trees and shrubs to provide shade for the car park, while providing a much more diverse 
range of  habitat. The swale and wet-pond form a large green corridor across the site, facilitating species movement around the site and local area. This design provides a significant amount 
of  wetland habitat which has been lost from the local area. Garden swales are used in the small car park to transport stormwater into small detention basins which provide open green space 
that can be used by the local retailers customers. The significant increase in vegetation within the small car park helps to  visually enhance the busy but rather rundown looking shopping 
complex. All of  the systems proposed in this option significantly increase vegetation and habitat levels while decreasing the amount of  impervious surfaces. The wetland swale and wet-pond 
significantly increases the amount of  natural scenery on site. They also increase the visibility of  the stormwater network to the public, which increases peoples’ environmental literacy and 
understanding. 
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Scale at 1:750Figure Twenty-nine: Wet-pond and swale plan
7.3 Option One : Wet-pond and Swale Combination Plan
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G
Large Car parking 
Numbers
Small Car parking 
Numbers
Existing 280 66
Proposed 216 56
Section at 1:100
London 
Street Detention Basin
Richmond 
Building 
Part ‘A’ 
Section H-H’: Proposed wet-pond with extended detention
Section I-I’: Proposed Richmond building ‘A’ dry detention basin
Section G-G’: Proposed large carpark and central swale
The wet-pond further treats the stormwater 
before discharging it into an adjacent stream 
before it is finally discharged into the Avon 
River
This non-recreation detention basin beside 
Kingbridge Drive in Burwood, Christchurch 
collects stormwater from the local area and 
discharges it into the adjacent wet-pond.
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Stormwater is collected from the impervious car parks by surface gutters in front of  each carpark. From there it drains to the northern end of  the large car park and dischargers into a secondary transport swale. This secondary 
swale then discharges into the main central wetland swale before eventually into the wet-pond. Once the wet-pond reaches full capacity the stormwater overflows back into the reticulated system under London Street.
Example of  detention Basin Example of  wet-pond system
Figure Thirty: Kingsbridge Drive detention basin Figure Thirty-one: Kingsbridge Drive wet-pond
The two dry detention basins above are positioned alongside ‘Richmond building A’ to collect a proportion of  the stormwater 
form the roof. Each basin has an overflow outlet that connects directly into the existing reticulated system. These small 
detention basins can be easily maintained by regular mowing. The detention basins temporarily detain stormwater allowing for 
the sedimentation of  larger particles before releasing it back into the reticulated system. A slow release outlet is needed, as the 
groundwater table is too high to allow for infiltration. 
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The cross section above shows how the wet-pond collects stormwater directly from the secondary 
car park within the main large car park. The wetland swale discharges directly into this wet-pond. 
The wet-pond has a controlled release outlet which keeps the water level consistent and allows for 
a further 450 millimeters of  temporary storage above the permanent water level. As the heavier 
polluted stormwater enters the wet-pond it sinks to the bottom causing the cleaner water to 
overflow first.  The wet-pond allows for both temporary storage as well as longer retention times, 
which significantly increases its ability to remove heavy metals.
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Section J-J’: Small carpark detention basins
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(54% of  the wetland swale treatment volume) 
(171.71m3)
Detention Basin (32%)
(202.32m3)
No treatment due to overflow (18%) 
(117.38m3)
Urban Pollutants Input 
(Kg/m3)
Removal 
(%)
Remaining 
(Kg/m3)
Input 
(Kg/m3)
Removal 
(%)
Remaining 
(Kg/m3)
Input 
(Kg/m3)
Removal 
(%)
Remaining 
(Kg/m3)
Input 
(Kg/m3)
Removal 
(%)
Remaining 
(Kg/m3)
Total suspended solids 10.55 70 3.17 1.70 70 0.51 6.68 60% 2.67 3.87 0 3.87
Biochemical Oxygen 
Demand
2.24 30 1.57 0.84 40 0.50 1.42 30% 0.99 0.82 0 0.82
Total nitrogen 0.80 40 0.48 0.26 50 0.13 0.51 30% 0.35 0.29 0 0.29
Total phosphorus 0.08 60 0.03 0.02 60 0.01 0.05 50% 0.03 0.03 0 0.03
Zinc 0.13 60 0.05 0.03 60 0.01 0.08 40% 0.05 0.05 0 0.05
Copper 0.02 60 0.01 0.00 60 0.00 0.01 40% 0.01 0.01 0 0.01
Lead 0.02 60 0.01 0.01 60 0.00 0.02 40% 0.01 0.01 0 0.01
Hydro carbons 0.16 60 0.06 0.03 60 0.01 0.10 40% 0.06 0.06 0 0.06
Table Four: Business Option One First Flush
7.4 Option One: Nutrient removal efficiencies 
The table on the left shows the removal 
efficiency for the first flush storm event 
treated by Option One. The wet-pond can 
only retain and treat fifty-four percent of  
the first flush volume being released by 
the wetland swale. This means that the 
wet-pond is not large enough to treat the 
required first flush volume. The detention 
basins in the small car park can only retain 
and treat thirty-two percent of  the water 
produced in the first flush event. This 
means that eighteen percent of  the overall 
water volume overflows with little or no 
treatment. A high groundwater table and 
a limited amount of  open space restricts 
the volumes of  water that can be held and 
treated on-site.
Detail of  swale garden outlet
Section at 1:50
The two detention basins provide open green space available for the local restaurants to use as outdoor dinning spaces when dry. A central walkway allows 
pedestrians to traverse between the two detention basins while they are inundated with stormwater. Both detention basin also significantly reduce the 
imperviousness on site.
Stormwater from the small carpark collects in rain garden swales situated between the 
carpark and the footpath surrounding the buildings. The rain garden acts like a swale by 
transporting stormwater from the impervious surfaces to the nearest detention basin. 
The gardens and detention basins help to reduce the amount of  impervious surfaces 
within the carpark while also visually improving it.
Detention BasinDetention Basin
Building Part ‘B’
Stanmore Road
Figure Thirty-two: Swale garden outlet detail
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The table on the left shows the treatment abilities of  option one to 
treat all the water produced in a one in five year flood event. 
The wetland swale collects fifty percent of  the overall water produced 
and then conveys it into the wet-pond which can further treat ninety-
seven percent of  the one in five year volume.
The remaining fifty percent of  the business catchment is treated using 
dry detention basins. Detention basins are most successful at removing 
soluble sediments. The detention basins are large enough to retain 
all of  the water produced in a one in five year event allowing for no 
overflow.
The table on the left hand side shows the treatment ability of  option 
one to treat all of  the water produced in a one in fifty year flood 
event.
The wet-pond has been designed to fit into the largest area of  open 
green space available on-site. Because of  these size constraints the 
wet-pond can only retain 171.71m3 of  water. It can therefore only treat 
twenty-two percent of  all the water captured by the wetland swale in 
a one in fifty year event. 
The detention basins have been designed to fit within the open space 
available in each site and are restricted in the amount of  water they 
can hold. The depth is also restricted by a high ground water and the 
public locations within which they are located. For this reason 36.6% 
of  the overall water volume produced by  a one in fifty year event will 
overflow untreated.
1 in 5 year event (351.99m3)
Wetland Swale (50%) 
(175.99m3)
Wet-pond secondary treatment
(97.56% of  the wetland swale treatment volume) 
(171.71m3)
Detention Basin (50%)
(175.99m3)
No treatment due to overflow (0%) 
(0.00m3)
Urban Pollutants Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal (%) Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal (%) Remaining 
(Kg)
Total suspended solids 5.81 70 1.74 1.70 70 0.51 5.81 60 2.32 0 0 0
Biochemical Oxygen 
Demand
1.23 30 0.86 0.84 40 0.50 1.23 30 0.86 0 0 0
Total nitrogen 0.44 40 0.26 0.26 50 0.13 0.44 30 0.31 0 0 0
Total phosphorus 0.05 60 0.02 0.02 60 0.01 0.05 50 0.02 0 0 0
Zinc 0.07 60 0.03 0.03 60 0.01 0.07 40 0.04 0 0 0
Copper 0.01 60 0.00 0.00 60 0.00 0.01 40 0.01 0 0 0
Lead 0.01 60 0.01 0.01 60 0.00 0.01 40 0.01 0 0 0
Hydro carbons 0.09 60 0.04 0.03 60 0.01 0.09 40 0.05 0 0 0
1 in 50 year event (1510.26m3)
Wetland Swale (50%) 
(755.13m3)
Wet-pond secondary treatment
(22.73% of  the wetland swale treatment volume) 
(171.71m3)
Detention Basin (13.40%)
(202.32m3)
No treatment due to overflow (36.60%) 
(552.81m3)
Urban Pollutants Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Total suspended solids 24.92 70 7.48 1.70 70 0.51 6.68 60 2.67 18.24 0 18.24
Biochemical Oxygen 
Demand
5.29 30 3.70 0.84 40 0.50 1.42 30 0.99 3.87 0 3.87
Total nitrogen 1.89 40 1.13 0.26 50 0.13 0.51 30 0.35 1.38 0 1.38
Total phosphorus 0.20 60 0.08 0.02 60 0.01 0.05 50 0.03 0.14 0 0.14
Zinc 0.30 60 0.12 0.03 60 0.01 0.08 40 0.05 0.22 0 0.22
Copper 0.04 60 0.02 0.00 60 0.00 0.01 40 0.01 0.03 0 0.03
Lead 0.06 60 0.02 0.01 60 0.00 0.02 40 0.01 0.04 0 0.04
Hydro carbons 0.38 60 0.15 0.03 60 0.01 0.10 40 0.06 0.28 0 0.28
Table Five: Business Option One, one in five Year Event
Table Six: Business Option One, one in fifty Year Event
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Urban Pollutants Total First Flush Volume 
565m3)
Total 1-5 Year Flood Event 
(351.99m3)
Total 1-50 Year Flood Event 
(1510.26m3)
Pollutant input 
(Kg)
Total removal 
Efficiency (%)
Remaining 
levels (Kg)
Pollutant input 
(Kg)
Total removal 
Efficiency (%)
Remaining 
levels (Kg)
Pollutant input 
(Kg)
Total removal 
Efficiency (%)
Remaining 
levels (Kg)
Total suspended solids 21.10 60 8.52 11.62 75 2.88 49.84 45 27.20
Biochemical Oxygen 
Demand
4.48 32 3.04 2.46 43.5 1.39 10.57 22 8.22
Total nitrogen 1.60 37.5 1.00 0.88 50 0.44 3.78 28 2.74
Total phosphorus 0.17 53 0.08 0.09 67 0.03 0.39 38 0.24
Zinc 0.26 50 0.13 0.14 64 0.05 0.60 38 0.37
Copper 0.03 33 0.02 0.02 50 0.01 0.08 37.5 0.05
Lead 0.05 60 0.02 0.03 67 0.01 0.11 36 0.07
Hydro carbons 0.32 50 0.16 0.18 61 0.07 0.76 38 0.47
Table Seven: Option one overall combined treatment efficiencies
Graph ‘B’ Overall treatment efficiency: Option one
(Kg)
Graph ‘A’ and Graph ‘B’ are graphical 
representations of  the overall nutrient inputs 
and their remaining levels after they have been 
processed by the various treatment systems 
proposed in option one. The treatment 
efficiencies are the highest for the one in 
five year option as the entire water volume 
produced, can be treated.
All of  the individual pollutant inputs and remaining levels have been calculated from the three previous tables to show the overall cleaning ability 
achievable by option one. The total removal efficiency is an average of  the combined treatment efficiencies in the previous tables. The low 
treatment efficiencies for the one in fifty year event is directly related to the amount of  stormwater that cannot be retained within the proposed 
system and therefore overflows untreated. 
Graph ‘A’ Overall treatment efficiency: Option one
(Kg)
Figure Thirty-three: Wet-pond overall treatment efficiency Graph ‘A’ Figure Thirty-four: Wet-pond overall treatment efficiency Graph ‘B’
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7.5 Option Two: Rain Gardens
K
’
K
M’M
L’L
N’N
NS
E
W
Scale at 1:750
Key
Existing Trees
Proposed larger shrubs/trees
Existing vegetation
Grass
Main swale
Detention Basin
Asphalt 
Rain Garden
Car Parks
Figure Thirty-five: Case study two, option two, rain garden plan
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Rain gardens are designed to accept stormwater from impervious surfaces and can be implemented into many different situations and areas. They are particularly useful when retrofitting 
urban environments as they do not require large surface areas. The smaller land surface required for rain gardens allows more area to remain in parking versus other treatment systems. 
Rain gardens have been implemented within the large car park between each row of  car parking. Each garden is planted with native vegetation to help improve nutrient removal through 
biological uptake and also reduce long term clogging of  the filter material. Rain gardens can consistently remove nutrients, such as nitrogen and phosphorus as well as suspended solids 
and heavy metals. Rain gardens reduce surface flow distances and water velocities over the whole site by slowly releasing the treated stormwater back into the reticulated network. All of  
the rain gardens connect to a partially vegetated swale, providing a web of  green habitat over the whole site, reducing imperviousness and making the car park more visually appealing. 
Because Christchurch City has a high ground water table, subsurface drains have been incorporated to help remove filtered stormwater from the bottom of  the rain gardens. Rain 
gardens have also been positioned around the Richmond shopping centre and connect directly back into the existing reticulated network within the car park. Rain gardens are used to 
treat stormwater from ‘Richmond building C’ and both church buildings discharge into the existing reticulated network below Stanmore Road. A large detention basin collects all of  
the stormwater that does not get treated by a rain garden. The detention basin slowly releases treated stormwater back into the reticulated network under London street.
Large Car parking 
Numbers
Small Car parking 
Numbers
Existing 280 66
Proposed 209 68
Section at 1:200
Cumberland Street
+14.30
13.9914.2414.1313.9713.98 14.0014.21TK13.68
K
K’
Section M-M’: Large carparks main dry detention basin
Section at 1:200
Section K-K’: Main carpark with proposed rain gardens
Left: The dry detention 
basin section collects 
stormwater from buildings 
1, 2, 3 and the secondary 
carpark. The detention 
basin has a maximum 
depth of  one point five 
meters. When the basin 
has reached full capacity 
it overflows back into the 
reticulated system under 
London Street. 
To the left the Richmond building ‘A’ section shows a large rain garden positioned next 
to the front of  the building  which collects half  of  the stormwater off  this roof. This 
particular rain garden’s subsurface drain, discharges into a large dry detention basin. The 
other rain gardens discharge directly into the existing reticulated network under London 
Street..
Section L-L’: Richmond building ‘A’ rain garden
Section at 1:100
The main car park section above shows how stormwater from the impervious car 
park surfaces drain directly into the rain gardens. The water eventually collects in the 
subsurface drains before discharging into the main transport swale running along the 
length of  Avalon Street. From the transport swale, the stormwater is discharged back into 
the existing reticulated system at the corner of  Avalon and Cumberland Street. All of  the 
rain gardens have overflow systems that drain directly into the transport swale, incase of  
severe flooding.
London Street
London Street Detention Basin Rain Garden
Rain Garden
14.11 +14.4314.11TK13.98 12.61
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The above cross section shows how the subsurface drains discharge into the transport swale at the Northern end of  the large car 
park. Rain gardens have the highest removal efficiencies for insoluble metals and other pollutants due the process of  filtration  and 
sedimentation. The transport swale further improves treatment efficiencies for large storm events which are reduced due to the filter 
media becoming saturated and in cases where rain fall exceeds infiltration rates and causes stormwater to overflow directly into the 
swale.
Section N-N’: Rain garden draining into main transport swale
Rain garden overflow detail
This above detail shows a rain garden 
overflow outlet which is level with the 
top of  the gardens freeboard flood 
level. When this overflow outlet 
is reached, excess water overflows 
directly into the transport swale. 
Section at 1:50
A partially vegetated 
detention basin at a factory 
off  Halswell Junction Road, 
in Hornby, Christchurch, 
shows how both grass and 
vegetation can be used 
together in a detention basin 
design.
Commercial detention basin
Residential detention basin
This grass detention basin in 
the Adianfeild Subdivision 
in Wigram, Christchurch can 
be used as an open green 
recreational area when dry.
Figure Thirty-nine: A rain garden col-
lecting car park stormwater. Sourced 
from: http://neighborhoodnursery.
com/rain-gardens/ Retrieved: 19, 01, 
2011
The above picture is an 
example of  a rain garden 
that has been implemented 
between two rows of  car 
parks and planted with 
perennial plant species.
Car park rain garden
Section at 1:100
Rain Garden Avalon Street
+13.73
13.73
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Proposed spot heights
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Figure Thirty-six: Rain garden overflow detail
Figure Thirty-seven: Image of  a partially vegetated 
commercial detention basin
Figure Thirty-eight: Image of  a grassed detention basin
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The above flow chart indicates the design process taken in  Business 
Options Two to establish the pollutant removal efficiencies using 
rain gardens. All of  the water produced by the business area gets 
treated by rain gardens distributed throughout the site. This means 
that all of  the stormwater can be filtered before it is discharged 
either into the transport swale or back into the reticulated system. 
The overall treatment efficiency for option two is  indicated in the 
following tables and represented by the comparative graphs.
7.6 Rain Garden Design Flow Chart
Figure Forty: Option two rain garden design flow chart
Transport Swale
12.33
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Urban Pollutants First Flush Volume 
(565m3)
1-5 Year Flood Event 
(351.99m3)
1-50 Year Flood Event 
(1510.26m3)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Total suspended solids 21.10 80 4.22 11.62 80 2.32 49.84 80 9.97
Biochemical Oxygen 
Demand
4.48 40 2.69 2.46 40 1.48 10.57 40 6.34
Total nitrogen 1.60 60 0.64 0.88 60 0.35 3.78 60 1.51
Total phosphorus 0.17 60 0.07 0.09 60 0.04 0.39 60 0.16
Zinc 0.26 75 0.06 0.14 75 0.04 0.60 75 0.15
Copper 0.03 75 0.01 0.02 75 0.00 0.08 75 0.02
Lead 0.05 75 0.01 0.03 75 0.01 0.11 75 0.03
Hydro carbons 0.32 75 0.08 0.18 75 0.04 0.76 75 0.19
The remaining pollutant levels have been estimated using the removal efficiencies for soakage basins as there is no removal efficiency 
data provided for rain gardens in the council’s pollutant removal efficiency table in ‘Waterways, Wetlands and Drainage Guide Part B’ 
Chapter 6 page 10. The removal rates above are based on all of  the water produced by each given event filtering through a rain garden.
Graph ‘A’ shows the cleaning ability of  a soakage system such as 
a rain garden to treat suspended solids, biochemical demand and 
nitrogen. Soakage systems can remove up to  eighty percent of  
suspended solids as well as sixty percent of  total nitrogen levels. 
Graph ‘B’ shows the rain gardens ability to remove on average 
seventy-five percent of  all trace metals. Soakage basins have the 
highest removal rate of  trace heavy metals out of  all the treatment 
systems considered.
Graph ‘B’ Commercial Rain Garden Removal EfficiencyGraph ‘A’ Commercial Rain Garden Removal Efficiency
Kg
Figure Forty-one: Rain garden removal efficiency graph ‘A’ Figure Forty-two: Rain garden removal efficiency graph ‘B’
Table Eight: Business Option Two, rain garden removal efficiency
7.7 Nutrient Removal Efficiency
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Due to the wet-ponds large space requirements and its limited ability to treat all of  the water 
produced by the first flush and larger storm events they are not ideal to retrofit into existing 
developed areas as they are less versatile for retrofitting into urban and suburban environments. 
Where there is space available wet-ponds should be used as they provide wetland, aquatic and 
waterfowl habitats that the rain gardens can not. These diverse vegetated habitats can provide 
more recreational benefits such as providing opportunities to feed and view water fowl, while 
providing a more aesthetically pleasing  landscape environment to view. Rain gardens are flexible 
and easily retrofitted into urban environments as they do not require large surface areas.
Wet-pond and Detention Basins Rain Gardens
Advantages Disadvantages Advantages Disadvantages
Combined systems allow for continuous • 
treatment 
Combined removal efficiency is lower than • 
rain gardens
Biological uptake by plants• Biological uptake by plants• 
Wet-pond good at removing trace metals• As heavy metal levels increase, biodiversity • 
levels decrease
Highest removal efficiencies for heavy metals • 
and suspended solid
Filter media will clog over time• 
High removal rates of  nitrogen and • 
phosphorus 
Phosphorus and nitrogen removal is • 
variable
Detention basins remove sixty percent • 
of  suspended solids
Can become a source of  suspended solids• 
Can treat all small storm events• Large storm events will bypass without • 
treatment
Can treat all storm events• Treatment efficiency not as high for • 
large storm events
Provides large areas of  diverse habitat• Provides continuous corridors of  habitat• Not as diverse habitats• 
Can sustain large tree and shrub species • 
along the swale edge
No large trees around wet-pond and detention • 
basin embankments 
Can not sustain large tree and shrub • 
species
Provides aquatic habitat• No aquatic habitat provided• 
Sustain high plant and species diversity• 
Multiple use when detention basin is dry• 
Higher visibility of  ecological processes • 
with wetland habitat
Requires extra safety precautions around • 
standing water
Flexible for a variety of  land use types• 
Not as easy to retrofit into urban and subur-• 
ban  areas
Easily retrofitted• Not effective on large catchments• 
Detention basins easily maintained by • 
owners
Storage treatment capacity decreases over • 
time
Large land requirements • Requires small footprints• No shade provided• 
Provides shade for car parks beside • 
swale
Detention basins allow less room for car • 
parking spaces
Allows for a greater number of  parking • 
spaces
Harder to reconnect into the existing • 
network
Shallow depths allow for  easier connection • 
back into the existing reticulated systems. 
Can not be stand alone systems • Can be stand alone systems• 
Requires periodic maintenance to remove • 
contaminated sediment
Roots reduce compaction and clogging of  • 
filter material
Periodic maintenance required• 
Reduces existing number of  carparks• Reduces existing number of  carparks• 
Water Quality 
Treatment
Habitat Improvements
Social Advantages
Installation 
& 
Maintenance
In addition, rain gardens have one of  the highest treatment efficiencies of  all the proposed 
systems. Rain gardens work particularly well in the large car park scenario where space is at 
a premium. Comparatively, detention basins are more appropriate for the small car park, as 
the recreational values will be high, adding value to the local takeaway retailers. The ability 
of  the rain gardens to treat large volumes of  stormwater (if  not to their full standards) is 
an advantage over the detention and wet-pond scenario, which sees large volumes overflow 
with no treatment at all. For these reasons, the rain gardens treatment efficiencies have been 
chosen for the business category in the following overall catchment options.  
7.8 Table Nine: Results Comparisons for the Wet-pond and Rain Garden Options
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Highlighted in green near the centre of  the Swanns Road catchment is Richmond 
Park. This is a 0.90ha local park, with a number of  pedestrian pathways and a 
playground. There is also a preschool located in the north east corner of  the 
park. 
Richmond Park looking North across the open green space 
towards the Richmond Working Men’s Club. 
Existing raised wooden playground in Richmond park. An empty lot at the Southern end of  Richmond Park has been 
included within the park boundary, it currently has a one meter 
deep depression and does not appear to have any visible drainage, 
yet council drainage maps indicate a stormwater pipe connection.
Existing historic trees within Richmond park, and one of  the main 
pathways that dissects the park. 
Drainage zones for wetland treatment system
The purple area makes up sixty-four percent of  the total site which includes sites one 
and two. Option one of  case study three does not take into account any prior treatment 
such as the systems proposed in case study one and two. 
(3)
Swanns Road catchment
The purple zone indicates the 
area taken into account for the 
wetland stormwater modelling.
The green square indicates 
Richmond park, where the central 
wetland system is located.
The red zone cannot be treated 
as it currently drains away from 
Richmond Park.
Sites one and two are indicated 
by the diagonal hatch
NN
Figure Forty-three: Image of  Swanns Road catchment indicating Richmond park location. (Retrieved from: 
google.2011.googlemaps. Retrieved 16, February, 2011, from Http://maps.google.com/) 
Figure Forty-four: Image of  Swanns Road catchment indicating the  wetlands catchment zones and previous case study sites. 
(Retrieved from: google.2011.googlemaps. Retrieved 16, February, 2011, from Http://maps.google.com/) 
Figure Forty-five: Image of  vacant lot beside Richmond park Figure Forty-six: Image of  existing Richmond park historic trees Figure Forty-seven: Image of  existing Richmond park pathways Figure Forty-eight: Image of  Richmond park playground
 Chapter Eight: Case Study Three, Overall Site Treatment
8.0 Existing Site Parameters
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Existing Richmond Park Site Parameters
(2)
(2)
(1)
8.1 Stormwater Modelling
The blue lines indicate where the stormwater mains are located and in which directions they are flowing. The main trunk 
line comes east down London Street until it hits Stanmore Road, where it briefly travels south before turning east down 
Warwick Street. There are two sub mains that also connect in from the northern end of  Stanmore Road and Pavitt Street. 
It is unclear if  the drain from the empty site at the southern end of  the park is being used or not. There may have been 
a commercial or residential building here in the past. All of  the stormwater in this catchment is collected by the existing 
concrete curb and channel network. It is then transported to the nearest stormwater sump which discharges into the 
stormwater pipes below the roads surface, from there it travels south until it reaches the Avon River. The large detention 
basin will accept water from the London and Pavitt Street mains as well as the upper Stanmore Road mains. Once the 
water has been through the wetland it will discharge back into the reticulated system on the corner of  Warwick Street 
and Stanmore Road. The thirty-six percent of  water that has not been treated continues to discharge into the reticulated 
system as per usual.
Vff=10Aeffdff
Vff  = First flush volume
Aeff = 24 (ha) Catchments effective first flush runoff area
dff   = 25 (mm) First flush rainfall depth
Impervious Area = 54 (%)
Vff   =  6000 (m3)
First Flush Volume Richmond Park existing drainage map
The above calculation has been worked out based on twenty-five millimeters of  rain over a twenty-
four hectare area. The runoff  from the fifty-four percent of  impervious surfaces, produces the 
overall first flush volume.
The one in five year volume works out to be 
just under the amount of  water produced 
by the first flush event. This means all of  the 
water produced by a one in five year event can 
be treated within the limits of  the park, using 
the combination of  a large detention basin and 
constructed wetland.  
The one in fifty year event for the Swanns 
Road catchment produces a large volume of  
water over a twenty-four hour period. The 
detention basin can only hold thirty-one 
percent of  this volume. The remaining water 
will bypass the central treatment system 
remaining untreated. 
Figure Forty-nine: Richmond Park existing drainage map. Aerial photo retrieved from terraview platinum copy righted to Terralink International 2005 and altered by Rebecca Fifield
1 in 5 year Flood
Q = 2.78(iCpApv+iCiAim)
Q = Volume of discharge in (l/s)
C = 0.25 Runoff coefficient
Ci = 0.5 Coefficient impervious
Cp = 0.1 Coefficient pervious
i = 10 (mm/hr) Rainfall intensity
Aim = 24 (ha) Impervious Area
Apv = 20.45 (ha) Pervious Area
D = 3.3 (hr) Storm duration
Q = 380.27 (l/s)
Total volume = 4517.60 (m3) per 3.3 hours
1 in 50 year Flood
Q = 2.78(iCpApv+iCiAim)
Q = Volume of discharge in (l/s)
C = 0.25 Runoff coefficient
Ci = 0.5 Coefficient impervious
Cp = 0.1 Coefficient pervious
i = 5.9 (mm/hr) Rainfall intensity
Aim = 24 (ha) Impervious Area
Apv = 20.45 (ha) Pervious Area
D = 24 (hr) Storm duration
Q = 224.27 (l/s)
Total volume = 19376.92 (m3) per 24 hours
Stanmore Road
Pavitt Street
L
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Warwick Street
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8.2 Richmond Park Central Treatment System Flow Chart
The flow chart on the left shows the process taken to calculate the 
stormwater treatment efficiency of  the wetland/detention basin 
system. Sixty-four percent of  the stormwater produced by the Swanns 
Road catchment can be treated. The other thirty-six percent of  the 
water naturally flows away from the park and so remains untreated. 
The water first enters the detention basin where it is retained for an 
extended period of  time before being released into the wetland. All of  
the water produced in the first flush and one in five year events can 
be treated by the wetland/detention basin system. Richmond Park is 
not large enough for a detention basin that can store all of  the water 
produced by a large storm event. The size of  the wetland is restricted 
by the amount of  land left after the implementation of  the detention 
basin. Due to the limited capacity of  the detention basin, only thirty-
one percent of  all the water produced in a one in fifty year flood 
event can be treated. The average treatment efficiency for the overall 
catchment is then compared to the original pollutant inputs.
Figure Fifty: Richmond Park central stormwater treatment system design flow chart
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8.3: Option One: Richmond Park Central Detention Basin and Wetland Plan
Figure Fifty-one: Richmond Park central detention basin and wetland plan
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Richmond park has been transformed into a large wetland/detention basin system. The main stormwater pipes discharge from London Street in the north east corner of  the detention basin and 
from Stanmore Road into the bottom south east corner. The  detention basin has been shaped so that it can still be used as an open park when not inundated by water. The detention basin provides 
the initial sediment removal, helping to prolong the life of  the wetland by reducing the amount of  sediment levels that it must remove. One of  the existing swing sets will need to be moved from 
the northern side of  the fort to the southern side, allowing for greater water capacity in the detention basin. For safety reasons there is denser vegetation around the inlet and outlet of  the wetland 
as well as the deeper sections of  standing water to discourage the public from getting too close. The new raised gravel pathway allows people easy access through the wetland and retains an existing 
walkway route. Existing trees will remain where possible but some may need to be removed to enable the required earthworks. The wetland and detention basin have been designed to look as natural 
as possible while reintroducing a large area of  wetland habitat that has been lost from the local area. The detention/wetland system provides flood control by temporarily storing and treating the 
stormwater before releasing it back into the reticulated system. Due to the long retention times for wetland they have a high pollution removal efficiency especially for heavy metals. The dense 
vegetation provides biological uptake of  nutrients while also providing habitat and food for many species including microbial communities which contribute to nutrient reductions. The combination 
of  open water and dense vegetation helps to induce sedimentation as stormwater as it travels through the wetland.
Section at: 1:100
Section O-O’: Proposed detention basin and constructed wetland cross section
Section P-P’: Wetland forebay and detention basin outlet
Section Q-Q’: Wetland outlet onto Stanmore Road
The detention basin sits alongside the wetland with a one meter high bund separating them. Dense vegetation is planted on the bank around the deeper, open water sections to help 
deter people from getting to close. The central walkway  separates the wetland into two long narrow sections allowing people to walk through the center of  the wetland while also 
maintaining the existing pedestrian thoroughfare. The detention basin sides are mostly a one in three slope and planted with vegetation to avoid the need for mowing except in a  few 
locations where a flatter, one in five slope has been applied, to allow easy access for children in and out of  the detention basin.
As the contaminated stormwater travels through the wetland it goes through a series of  deep ponds up to one meter in depth and a series of  shallower vegetated areas, up to half  a meter in 
depth. This variation in depth increases the cleaning efficiencies, as well as providing ideal habitat for water fowl species. The outlet then discharges the water back into the reticulated system 
on Stanmore Road. The wetland will be easily visible to passing pedestrians from all sides of  the park and provide a great learning resource for the local school that is situated further down 
Pavitt Street. It Allows local residents to be aware of  the cleaning cycle of  stormwater after rain storm events.
Section at: 1:100
Section at: 1:200
The water leaving the detention basin is piped into the wetland forebay allowing for any remaining 
sediment to further settle out. The clean water gets pushed to the surface as the heavier, sediment laden 
water drops to the bottom. The cleaner water then overflows through a rock weir to evenly disperse into 
the wetland vegetation. Dense vegetation is planted all around the forebay to deter people from getting 
to close to the deepest section..
Detention BasinWetlandWetland
Forebay
Detention Basin
Wetland
Stanmore Road
Walkway to Playground
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Urban Pollutants First Flush Volume 
(3840m3)
1-5 Year Flood Event 
(3041.02m3)
20% of  1-50 Year Flood Event 
(3838.47m3)
44% of  1-50 Year Flood Event 
overflow  (8562.76m3)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Total suspended solids 253.44 60 101.38 200.71 60 80.28 253.34 60 101.34 565.14 0 565.14
Biochemical Oxygen 
Demand
26.88 30 18.82 21.29 30 14.90 26.87 30 18.81 59.94 0 59.94
Total nitrogen 9.60 30 6.72 7.60 30 5.32 9.60 30 6.72 21.41 0 21.41
Total phosphorus 1.00 50 0.50 0.79 50 0.40 1.00 50 0.50 2.23 0 2.23
Zinc 1.54 40 0.92 1.22 40 0.73 1.54 40 0.92 3.43 0 3.43
Copper 0.19 40 0.12 0.15 40 0.09 0.19 40 0.12 0.43 0 0.43
Lead 0.29 40 0.17 0.23 40 0.14 0.29 40 0.17 0.64 0 0.64
Hydro carbons 1.92 40 1.15 1.52 40 0.91 1.92 40 1.15 4.28 0 4.28
Table Ten: Pollution removal efficiency using detention basin pre-treatment
Urban Pollutants First Flush Volume 
(3827.50m3)
1-5 Year Flood Event 
(3199.87m3)
28% of  1-50 Year Flood 
Event (3838.47m3)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Total suspended solids 101.38 70 70.96 80.28 70 56.20 101.34 70 70.93
Biochemical Oxygen 
Demand
18.82 30 5.64 14.90 30 4.47 18.81 30 5.64
Total nitrogen 6.72 40 2.69 5.32 40 2.13 6.72 40 2.69
Total phosphorus 0.50 60 0.30 0.40 60 0.24 0.50 60 0.30
Zinc 0.92 60 0.55 0.73 60 0.44 0.92 60 0.55
Copper 0.12 60 0.07 0.09 60 0.05 0.12 60 0.07
Lead 0.17 60 0.10 0.14 60 0.08 0.17 60 0.10
Hydro carbons 1.15 60 0.69 0.91 60 0.55 1.15 60 0.69
Table Eleven: Pollution removal efficiency using a constructed wetland
The above table shows the initial cleaning ability of  a detention basin to treat the stormwater produced by sixty four percent of  the overall catchment. These 
calculations take no pre-treatment into account, as the stormwater discharges directly from the existing reticulated system into the detention basin. As the detention 
basin can only hold 8383.47 cubic meters of  water at one time, it can only treat twenty percent of  the overall water volume produced by a one in fifty year event. The 
stormwater is slowly released into the wetland for further treatment. Detention basins are good at slowing down stormwater velocities, while temporarily holding 
stormwater to be released later. They are particularly good at removing initial sediment loads, which help to prolong the life of  the wetland by reducing sediment 
build up.
The wetland receives water from the detention basin, where it then holds and treats the water for a further two days to help 
remove any contaminants that still remain. Wetlands have some of  the highest treatment efficiency of  all of  the integrated 
systems. They are suited to treating highly contaminated stormwater, especially soluble particles, such as many of  the heavy 
metals. The treatment efficiencies in the above table take into account the pre-treatment efficiencies attained by the detention 
basin. As the wetland can only accept 585.99 cubic meters of  stormwater a day, it would take up to six and a half  days to 
completely process all of  the stormwater produced by the first flush and five point four days for the one in five year event. 
Only a small percentage of  the one in fifty year event can be processed with the majority of  the water overflowing back into 
the reticulated system. The council require stormwater systems implemented within public parks to have standing water for 
no longer than twenty four hours, this would make it difficult to implement a wetland into Richmond park under its current 
design parameters. If  there was more free land available to increase the size of  the wetland it would decrease the amount of  
time the stormwater needed to be retained within the detention basin.
8.4 Option  One Nutrient Removal Efficiency
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Urban Pollutants First Flush Volume 
(6000m3)
1-5 Year Flood Event 
(4751.60m3)
1-50 Year Flood Event 
(19376.92m3)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Total suspended solids 396.00 46 213.52 313.61 46 169.10 1278.88 14 1096.47
Biochemical Oxygen 
Demand
42.00 51 20.76 33.26 51 16.44 135.64 16 114.41
Total nitrogen 15.00 46 8.09 11.88 46 6.41 48.44 14 41.53
Total phosphorus 1.56 45 0.86 1.24 45 0.68 5.04 14 4.34
Zinc 2.40 41 1.42 1.90 41 1.12 7.75 13 6.77
Copper 0.30 41 0.18 0.24 41 0.14 0.97 13 0.85
Lead 0.45 41 0.27 0.36 41 0.21 1.45 13 1.27
Hydro carbons 3.00 41 1.77 2.38 41 1.40 9.69 13 8.46
Table Thirteen: Total wetland and detention basin treatment efficiencies
The above table shows the remaining pollution levels and the average removal efficiencies after the stormwater has been treated 
by the detention basin and wetland system. This table takes into account the seventy-two percent of  water in the one in five 
year event that bypasses the initial detention basin, remaining untreated. It is this untreated water that significantly decreases 
the average removal efficiency rates for the one in fifty year flood event. Comparatively the efficiency rates for both the first 
flush and one in five year events remain high, as all of  the water produced can be treated. This table does not take into account 
the  twenty-four percent of  the catchments water that cannot be treated by the central wetland system.
Urban Pollutants 36% of  First Flush Volume 
(2160.00m3)
36% of  1-5 Year Flood 
Event (1710.58m3)
36% of  1-50 Year Flood 
Event (6975.69m3)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Removal 
rate (%)
Remaining 
levels (Kg)
Total suspended solids 142.56 0 142.56 112.90 0 112.90 460.40 0 460.40
Biochemical Oxygen 
Demand
15.12 0 15.12 11.97 0 11.97 48.83 0 48.83
Total nitrogen 5.40 0 5.40 4.28 0 4.28 17.44 0 17.44
Total phosphorus 0.56 0 0.56 0.44 0 0.44 1.81 0 1.81
Zinc 0.86 0 0.86 0.68 0 0.68 2.79 0 2.79
Copper 0.11 0 0.11 0.09 0 0.09 0.35 0 0.35
Lead 0.16 0 0.16 0.13 0 0.13 0.52 0 0.52
Hydro carbons 1.08 0 1.08 0.86 0 0.86 3.49 0 3.49
Table Twelve: Untreated volumes
The above table shows the amount of  pollution produced by the thirty-six percent of  water that is unable to be treated by 
the central detention/wetland system. These values have been added to the previous tables to create the overall treatment 
efficiency table below.
Kg
Graph ‘A’ Total wetland and detention basin removal efficiencies
Kg
Graph ‘B’ Total wetland and detention basin removal efficiencies
Figure Fifty-two: Total wetland and detention basin removal efficiencies for graph ‘A’
Figure Fifty-three: Total wetland and detention basin removal efficiencies for graph ‘B’
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The Swanns Road catchment is a 
large forty-four point five hectare 
site that is made up of  predominately 
medium density residential and 
business zones.  The two largest 
green areas within the site are a 
the local park and primary school. 
All of  the surface water within this 
catchment is collected via concrete 
kerb and  channel, then discharged 
into the underground reticulated 
system, which is then discharged 
into the Avon River at the Swanns 
Road bridge.
The plan on the left indicates where 
the existing drainage network (dark 
blue lines) is located within the 
catchment. The light blue arrows 
indicate the direction of  the surface 
flow. The existing reticulated system 
remains as the main transport and 
overflow network between the 
new treatment systems and its final 
discharge point into the Avon river.
N
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8.5 Option Two Overall Site Treatment
Overall option two: 1 in 5 year Flood
Q = 2.78(iCpApv+iCiAim)
Q = Volume of discharge in (l/s)
C = 0.25 Runoff coefficient
Ci = 0.5 Coefficient impervious
Cp = 0.1 Coefficient pervious
i = 10 (mm/hr) Rainfall intensity
Aim = 24 (ha) Impervious Area
Apv = 20.45 (ha) Pervious Area
D = 3.3 (hr) Storm duration
Q = 380.27 (l/s)
Total volume for 1 in 5 year flood = 4517.60 (m3) per 3.3 hours
Overall option two: 1 in 50 year Flood
Q = 2.78(iCpApv+iCiAim)
Q = Volume of discharge in (l/s)
C = 0.25 Runoff coefficient
Ci = 0.5 Coefficient impervious
Cp = 0.1 Coefficient pervious
i = 5.9 (mm/hr) Rainfall intensity
Aim = 24 (ha) Impervious Area
Apv = 20.45 (ha) Pervious Area
D = 24 (hr) Storm duration
Q = 224.27 (l/s)
Total volume for 1 in 50 year Flood = 19376.92 (m3) per 24 hours
Overall option two: First Flush Volume
Vff=10Aeffdff
Vff  = First flush volume
Aeff = 24 (ha) Catchments effective first flush runoff area
dff   = 25 (mm) First flush rainfall depth
Impervious Area = 54 (%)
Vff   =  6000 (m3)
The first flush stormwater modelling 
for the overall catchment takes into 
account the first twenty-five millimeters 
of  rain over the twenty-four hectares 
of  impervious surfaces within the 
catchment. There is no time factor 
involved in the first flush calculations, 
as in the one in five year and one in 
fifty year events.
If  all of  the new systems designed  can 
hold the first flush volume as required 
by the Christchurch City Council, then 
they will easily hold the one in five year 
flood event as they are almost the same 
size.
A one in fifty year storm event is a large 
event for the Swanns Road catchment. 
This catchment can produce just 
over 19,000 cubic meters of  water 
in a twenty-four hour period. The 
proposed systems for this catchment 
are predominately transport systems 
that treat the stormwater while they 
convey it around the site. Detention 
basins are the only system used in 
this option that can contain a limited 
amount of  stormwater. The detention 
basins are sized to retain the first flush 
volume. Retaining the full one in fifty 
year volume would require 39,000m2 at 
half  a meter in depth. That amount of  
land that is not available.
8.6 Stormwater Modelling
Figure Fifty-four: Swanns Road Catchment outlined. (Retrieved from: google.2011.googlemaps. Retrieved 16, 
February, 2011, from Http://maps.google.com/) 
Swanns Road Catchment
Figure Fifty-five: Swanns Road Catchment existing drainage network. (Retrieved from: google.2011.googlemaps. 
Retrieved 16, February, 2011, from Http://maps.google.com/) 
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8.7 Overall Catchment Treatment Flow Chart
The complete catchment is divided into five different treatment systems. Each of  these systems have different treatment efficiencies that have been applied to all three stormwater events. 
The total inputs and outputs have been added together to indicate what the overall treatment efficiency for the whole catchment would be using a number of  small  dispersed systems. 
The overall removal efficiencies are then displayed using comparative graphs.
Figure Fifty-six: Overall catchment design flow chart
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The purple areas indicate the streets that are 
treated using grass swales. Each street swale 
acts as an independent system and discharges 
back into the existing reticulated network on 
completion of  treatment.
The red zones indicate business sites treated 
using rain gardens, as they are easily retrofitted 
into existing areas. 
The orange areas are treated using detention 
basins. The largest treatment area requires 
two residential properties to be removed 
to allow enough space to capture all the 
stormwater produced by this area.
The teal green zones indicate the areas that 
already have existing treatment, such as a 
partially vegetated swale/stream that runs 
through the larger retirement village site. The 
stormwater from the second site is treated via 
riparian vegetation planted along the bank of  
the Avon River.
The yellow areas remain untreated as the 
streets are too narrow for LIUD treatment 
systems, such as swales and rain gardens. If  
the wetland/detention basin was used as a 
secondary treatment facility then all of  this 
water would have some form of  treatment.
The detention basin and wetland system 
proposed for option one could remain in 
this option as a secondary treatment system. 
The blue arrows indicate the surface flow of  
stormwater through the catchment.
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8.8 Option Two Overall Site Treatment Plan
Figure Fifty-seven: Option two overall site treatment plan. (Retrieved from: google.2011.googlemaps. Retrieved 16, 
February, 2011, from Http://maps.google.com/) 
Scale at 1 :4000
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First Flush volume (6000m3)
Grass Swale (52%) 
(3120.00m3)
Business Area (13%) 
(780.00m3)
Detention Basin (15%)
(900.00m3)
Existing Treatment (6%) 
(360.00m3)
No treatment (14%) 
(840m3)
Urban Pollutants Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg/m3)
Total suspended solids 205.92 40 123.55 51.48 80 10.30 59.40 60 23.76 23.76 40 14.26 55.44 0 55.44
Biochemical Oxygen 
Demand
21.84 30 15.29 5.46 40 3.28 6.30 30 4.41 2.52 30 1.76 5.88 0 5.88
Total nitrogen 7.80 30 5.46 1.95 60 0.78 2.25 30 1.58 0.90 30 0.63 2.10 0 2.10
Total phosphorus 0.81 30 0.57 0.20 60 0.08 0.23 50 0.12 0.09 30 0.07 0.22 0 0.22
Zinc 1.25 40 0.75 0.31 75 0.08 0.36 40 0.22 0.14 40 0.09 0.34 0 0.34
Copper 0.16 40 0.09 0.04 75 0.01 0.05 40 0.03 0.02 40 0.01 0.04 0 0.04
Lead 0.23 40 0.14 0.06 75 0.01 0.07 40 0.04 0.03 40 0.02 0.06 0 0.06
Hydro carbons 1.56 40 0.94 0.39 75 0.10 0.45 40 0.27 0.18 40 0.11 0.42 0 0.42
Table fourteen: Overall combined treatment first flush event
1 in 5 Year Event (4517.60m3)
Grass Swale (52%) 
(2349.15m3)
Business Area (13%) 
(587.21m3)
Detention Basin (15%)
(677.55m3)
Existing Treatment (6%) 
(271.02m3)
No treatment(14%) 
(632.38m3)
Urban Pollutants Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Total suspended solids 205.92 40 123.55 38.76 80 7.75 44.72 60 17.89 17.89 40 10.73 41.74 0 41.74
Biochemical Oxygen 
Demand
21.84 30 15.29 4.11 40 2.47 4.74 30 3.32 1.90 30 1.33 4.43 0 4.43
Total nitrogen 7.80 30 5.46 1.47 60 0.59 1.69 30 1.19 0.68 30 0.47 1.58 0 1.58
Total phosphorus 0.61 30 0.43 0.15 60 0.06 0.18 50 0.09 0.07 30 0.05 0.16 0 0.16
Zinc 0.94 40 0.56 0.23 75 0.06 0.27 40 0.16 0.11 40 0.07 0.25 0 0.25
Copper 0.12 40 0.07 0.03 75 0.01 0.03 40 0.02 0.01 40 0.01 0.03 0 0.03
Lead 0.18 40 0.11 0.04 75 0.01 0.05 40 0.03 0.02 40 0.01 0.05 0 0.05
Hydro carbons 1.17 40 0.70 0.29 75 0.07 0.34 40 0.20 0.14 40 0.08 0.32 0 0.32
Table Fifteen: Overall combined treatment one in five Year event
The first flush volume has been divided up into the five 
different treatment types used:
Grass swales   • 
Business areas     (Rain gardens) • 
Detention basins• 
No treatment• 
Existing treatment    (Grass swale) • 
The existing treatment uses the grass swale removal 
efficiencies. The existing treatment travels through a partially 
vegetated drain and riparian vegetation alongside which 
would have a similar cleaning efficiency to that of  a  grass 
swale. The removal efficiency used for the business areas 
are the same as those used for the rain garden option.
Each area’s contributing pollution levels have been calculated 
for the three given storm events.   Each area has then had 
the appropriate removal efficiencies applied to establish 
how much pollution is produced and removed by the small 
dispersed systems for the first flush, one in five and one in 
fifty year events.
8.9 Nutrient removal efficiencies 
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0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
Total
phosphorus
Zinc Copper Lead Hydro carbons
Pollutant input
(First Flush)
Remaining levels
Pollutant input
(5 year event)
Remaining levels
Pollutant input
(50 year event)
Remaining levels
1 in 50 Year Event (19376.92m3)
Grass Swale (52%) 
(10075.99m3)
Business Area (13%) 
(2519.01m3)
Detention Basin 
(15%)
(2906.55m3)
Existing Treatment 
(6%) (1162.62m3)
Non treated (14%) 
(2712.78m3)
Urban Pollutants Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg/m3)
Removal 
(%)
Remaining 
(Kg
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Input 
(Kg)
Removal 
(%)
Remaining 
(Kg)
Total suspended 
solids
665.02 40 399.01 166.25 80 33.25 191.83 60 76.73 76.73 40 46.04 179.04 0 179.04
Biochemical Oxygen 
Demand
70.53 30 49.37 17.63 40 10.58 20.35 30 14.24 8.14 30 5.70 18.99 0 18.99
Total nitrogen 25.19 30 17.63 6.30 60 2.52 7.27 30 5.09 2.91 30 2.03 6.78 0 6.78
Total phosphorus 2.62 30 1.83 0.65 60 0.26 0.76 50 0.38 0.30 30 0.21 0.71 0 0.71
Zinc 4.03 40 2.42 1.01 70 0.25 1.16 40 0.70 0.47 40 0.28 1.09 0 1.09
Copper 0.50 40 0.30 0.13 75 0.03 0.15 40 0.09 0.06 40 0.03 0.14 0 0.14
Lead 0.76 40 0.45 0.19 75 0.05 0.22 40 0.13 0.09 40 0.05 0.20 0 0.20
Hydro carbons 5.04 40 3.02 1.26 75 0.31 1.45 40 0.87 0.58 40 0.35 1.36 0 1.36
Table Sixteen: Overall combined treatment one in fifty Year event
The treatment efficiencies for the one in fifty year flood event are based on all of  the water except for the fourteen percent of  untreated water, 
traveling through some form of  treatment system before it is discharged back into the reticulated network. 
Graph ‘B’ total site removal efficiencies
Kg
All of  the treatment efficiencies for the three previous storm events have been compiled to establish the overall treatment efficiency 
for the whole catchment when using small dispersed treatment systems. The table shows the amount of  pollution produced for 
each given event and what the remaining pollutant levels would be. As the table shows, the removal efficiencies do not exceed fifty 
percent for any of  the pollutants. This indicates that further treatment by a secondary system would be needed to make a significant 
difference in pollutant removal rates.
Figure Fifty-nine: Total catchment removal efficiencies graph ‘B’
Urban Pollutants Total First Flush Volume 
(6000m3)
Total 1-5 Year Flood Event 
(4571.60m3)
Total 1-50 Year Flood Event 
(19376.92m3)
Pollutant 
input (Kg)
Total removal 
Efficiency (%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Total removal 
Efficiency 
(%)
Remaining 
levels (Kg)
Pollutant 
input (Kg)
Total removal 
Efficiency (%)
Remaining 
levels (Kg)
Total suspended solids 396.00 43 227.30 298.17 43 171.15 1278.88 43 734.08
Biochemical Oxygen 
Demand
42.00 28 30.62 31.62 28 1.30 135.64 28 98.88
Total nitrogen 15.00 30 10.55 11.29 30 1.50 48.44 30 34.05
Total phosphorus 1.56 33 1.05 1.17 33 1.70 5.04 33 3.39
Zinc 2.40 39 1.47 1.81 39 1.95 7.75 39 4.73
Copper 0.30 40 0.18 0.23 40 1.95 0.97 40 0.59
Lead 0.45 40 0.27 0.34 40 1.95 1.45 40 0.89
Hydro carbons 3.00 39 1.83 2.26 39 1.95 9.69 39 5.91
Table seventeen: Overall combined treatment efficiencies for option two
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Graph ‘A’ Total site removal efficiencies
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Figure Fifty-eight: Total catchment removal efficiencies graph ‘A’
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Wetland/Detention Basin Overall Catchment
Advantages Disadvantages Advantages Disadvantages
Biological uptake by plants• 
Ten to fifteen percent higher nitrogen and • 
phosphorus removal
Organic matter binds and retains heavy metals• Treats pollution closer to the source• 
Removes on averages forty five percent of  • 
contaminants for small events
Low treatment efficiencies for large storm • 
events
Higher treatment efficiencies for large storm • 
events than a single treatment system
Lower overall treatment efficiencies for • 
small events
Groundwater dilution could help nitrogen • 
removal rates
High groundwater levels could inundate • 
the wetland
Some systems can treat an indefinite amount • 
of  water
Treats all small storm events• Can only treat twenty eight percent of  • 
large storm events
Only a small percentage of  area remains • 
untreated
Plants encourage filtration and sedimentation.• 
Roots provide surface areas for bacteria growth• 
Large area of  wetland habitat• Provides lots of  connective green corridors• 
Large area of  core habitat• Requires large areas of  land• Spreads the ecological habitat throughout the • 
catchment
Ideal habitat for marshland and waterfowl bird • 
species
No aquatic habitat provided• 
Provides habitat for invertebrate species• 
More aesthetically pleasing environment• 
Educational tool about wetland habitat and • 
species
Make the overall stormwater cycle more • 
visible to the public
Can still be used as a park when not inundated• 
Detention basin provides slow release to the • 
wetland
Requires extensive earthworks• Require less space to treat contaminated • 
stormwater
Initial detention prolongs the life of  the • 
wetland
Sediment and nutrient build-up requiring • 
periodic maintenance
Roots reduce clogging of  the substrate material• Maintenance can be shared with property • 
owners and Christchurch City Council
High maintenance costs for more systems• 
Roots also brake down accumulated organic • 
material
Loss of  many existing trees• 
One area of  earthworks and installation • 
disturbance
Hard to retrofit into suburban and urban • 
areas
Large amount of  construction throughout • 
the catchment
Harder to connect with existing network• Easier to reconnect back into the existing • 
reticulated system
High initial set up costs and disruption to • 
local communities
There is very little difference in treatment efficiencies between the integrated approach, which uses 
multiple small systems and that of  the central wetland system for the treatment of  the first flush and 
one in five year events. While the central treatment system has a slightly higher treatment efficiency 
than the integrated approach, the integrated approach provides for more diverse and connective habitat 
throughout the catchment. This helps in educating people about what happens to the stormwater 
produced in their area, rather than it continuing to remain hidden by the reticulated system. 
Neither system could handle all of  the stormwater produced by a one in fifty year event, especially 
the wetland/detention basin system. The integrated approach has a significantly higher treatment 
efficiency for larger storm events than the wetland system. The best option for treating all of  the 
stormwater produced by the Swanns Road catchment would be to combine option one (multiple 
small systems) and option two (central wetland), to form a fully integrated approach that provides 
both the best nutrient removal rates possible as well as the habitat and landscape improvements.
Water Quality 
Treatment
Habitat 
Improvements
Social Advantages
Installation 
& 
Maintenance
8.9.0 Table Eighteen: Results Comparisons for the wetland/detention system and the overall catchment system
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Overall Removal 
From Rates Option 
Two
64% of First Flush 
Remaining Pollution 
Levels
Overall Treatment 
Efficiencies Option 
Two
64% of 1 in 5 Year 
Event Remaining 
Pollution Levels
64% of 1 in 50 Year 
Event Remaining 
Pollution Levels
Overall Wetland and 
Detention Basin 
Removal Efficiency 
Rate
Overall Option One 
provides 64%
Site Treatment
Overall Wetland and 
Detention Basin 
Removal Efficiency 
Rate
Overall Wetland and 
Detention Basin 
Removal Efficiency 
Rate
Total removal 
Efficiency for 
Secondary Wetland 
Treatment
36%Overflow
Remains 
Un-treated 
Total catchment 
Removal Efficiency 
for Option One and 
Two Combined
Comparative Graphs
The above flow chart shows the process taken to combine the treatment efficiencies from the central wetland/detention basin 
system and the overall small dispersed system. The removal efficiencies for these two systems have been combined to establish 
what the overall pollution removal efficiency for the Swanns Road catchment would be. This removal efficiency is shown in the 
comparative graphs.
9.0 Total Catchment Treatment Flow Chart
Chapter Nine: Total Catchment Treatment
Figure Sixty: Total catchment design flow chart
Integrated Stormwater Management in the Avon River Catchment 51
Urban Pollutants Total First Flush Volume 
(6000m3)
Total 1-5 Year Flood Event 
(4571.60m3)
Total 1-50 Year Flood Event 
(19376.92m3)
Pollutant input 
(Kg)
Total removal 
Efficiency (%)
Remaining levels 
(Kg)
Pollutant input 
(Kg)
Total removal 
Efficiency (%)
Remaining levels 
(Kg)
Pollutant input 
(Kg)
Total removal 
Efficiency (%)
Remaining levels 
(Kg)
Total suspended 
solids
396.00 60% 160.27 298.17 60% 120.68 1278.88 48% 667.07
Biochemical Oxygen 
Demand
42.00 51% 20.71 31.62 51% 15.59 135.64 34% 88.98
Total nitrogen 15.00 50% 7.44 11.29 50% 5.60 48.44 36% 30.95
Total phosphorus 1.56 52% 0.75 1.17 52% 0.56 5.04 39% 3.09
Zinc 2.40 55% 1.08 1.81 55% 0.81 7.75 44% 4.35
Copper 0.30 55% 0.14 0.23 55% 0.10 0.97 44% 0.54
Lead 0.45 55% 0.20 0.34 55% 0.15 1.45 44% 0.82
Hydro carbons 3.00 55% 1.35 2.26 55% 1.02 9.69 44% 5.43
Graph ‘B’ total catchment removal efficienciesGraph ‘A’ Total catchment Removal efficiencies
Kg
The total catchment removal efficiencies have been calculated in the above table. It shows that even with the combined central wetland system and the multiple 
small distributed systems the removal efficiency does not exceed sixty percent, with the majority of  pollutants being reduced by an average of  only fifty percent. 
This is only the case for the first flush and one in five year events which treats all of  the stormwater produced. Due to the large volumes of  stormwater 
remaining untreated in the one in fifty year flood events the treatment efficiencies remain in the low forties.
Kg
9.1 Table Nineteen: Total catchment treatment efficiencies
Figure Fifty-nine: Total catchment removal efficiencies graph ‘A’ Figure Sixty: Total catchment removal efficiencies graph ‘B’
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Figure Sixty-one: Total catchment removal efficiency graph ‘A’ Figure Sixty-two: Total catchment removal efficiency graph ‘B’
9.2 Total catchment treatment conclusions
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Urban 
Pollutants
First Flush Volume 
(6000m3)
1-5 Year Flood Event 
(4571.60m3)
1-50 Year Flood Event 
(19376.92m3)
Total 
remaining 
levels (Kg)
Ecan  
Requirements (Kg)
Total 
remaining 
levels (Kg)
Ecan  
Requirements (Kg)
Total 
remaining 
levels (Kg))
Ecan  
Requirements (Kg)
Total suspended 
solids
- - - - - -
Biochemical Oxygen 
Demand
- - - - - -
Total nitrogen 7.44 9 5.60 6.86 30.95 29.06
Total phosphorus 0.75 0.096 0.56 0.073 3.09 0.031
Zinc 1.08 0.09 0.81 0.06 4.35 0.29
Copper 0.14 0.010 0.10 0.0082 0.54 0.035
Lead 0.20 0.035 0.15 0.026 0.82 0.011
Aromatic Hydro 
Carbons
1.35 0.222 1.02 0.169 5.43 0.717
9.3 Table Twenty: Environment Canterbury Requirements
The above table compares the total catchment removal efficiency results with Environment Canterbury’s ‘Water 
quality standards for surface waters in the Canterbury region (Table WQL16), set out in chapter four, page 271 of  
the Canterbury Natural Resources Regional Plan, which assesses water quality standards for waters that are classified as 
not natural. Toxicant levels for the class ‘Spring feed - Plains - Urban’ are set out in ‘Table WQL17 Toxicant water 
quality standards for all water classes except natural’ and may not exceed the 90% threshold. Both tables can be found 
in appendix six. Suspended solids and biochemical  oxygen demand could not be compared as there was not a value 
giving with which to test it against.
It is clear from the above table that for the majority of  pollutants it is not possible to meet the new surface water 
requirements using integrated stormwater management over the entire site, as the remaining levels of  pollutants after 
treatment still exceed the accepted levels. The combined system would need to remove an average of  94% percent of  
pollutants for the first flush volume, 91% for the one in five year volume and 97% for the one in fifty year volume. 
Case study three, combines option one and two in order to establish the average removal efficiency for the 
total catchment. Option one uses a number of  small integrated systems such as grass swales, rain gardens and 
detention basins to treat contaminated stormwater at or as close to the source of  the runoff  as possible. The 
central wetland/detention basin system provides secondary treatment for a further sixty four percent of  this 
water, before it discharges into the Avon River.
By combining both the centralized wetland system and multiple small integrated systems, the diffuse pollution 
is treated as close to the source as possible. This will significantly decrease the amount of  sediment and heavy 
metals entering the large detention basin and wetland, reducing the need for long-term maintenance and 
extending the working life of  the wetland. There are a number of  streets that are too narrow for LIUD 
systems, such as swales or rain gardens when implementing an integrated systems of  small structures, however, 
by incorporating the centralized wetland system to provide secondary treatment, the runoff  produced by these 
narrow streets can then be treated at least once prior to being discharged.
The combination of  systems, provide a large area of  wetland habitat as well as an increase in pervious surfaces 
spread throughout the catchment. Many of  these systems such as the grass swales and detention basins can be 
planted up with native species to help improve their habitat potential, as well as to make them more visually 
appealing.
As sixty four percent of  all of  the water produced by the Swanns Road catchment has to travel through three 
different cleaning systems before it is finally discharged into the river, the water velocity will be significantly 
reduced, compared to what it would be if  it traveled through the existing reticulated system. If  this water 
velocity reduction was applied over the whole Avon River catchment there would be significant reductions in 
peak flood levels.
 
The overall removal efficiencies that can be achieved by combining these two systems is between fifty five and 
sixty percent for small storm events. The secondary wetland treatment allows for a further ten percent reduction 
in nutrient levels for smaller storm events compared to individual primary treatment systems. By combining the 
two systems the removal efficiency rates for the one in fifty year event is reduced by a total of  forty percent. 
This provides for an extra five percent reduction compared to the integrated approach, but provides for an 
extra thirty-five percent reduction compared to the wetland/detention basin system.
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Chapter Ten: Conclusions
10.0 Concluding Comments
Christchurch is a city of  waterways and wetlands, with two major rivers, the Avon and Heathcote dissecting the city 
centre and surrounding suburbs. Before urbanization began, the city was predominantly covered in swamps, lagoons 
and sand dunes. As the city grew these swamps and wetlands were drained and many of  the smaller streams and 
creeks piped to help with land reclamation, flooding and hygiene issues (Christchurch City Council, 2000). It has 
only been in the last century that the detrimental impacts of  these actions have become clear. The Christchurch City 
Council has begun to change the way it views and deals with surface water management within the city boundary. 
What it has not yet begun to change is the way that stormwater is treated in existing built up areas such as the Avon 
River catchment. It is still the accepted approach to discharge all stormwater into the nearest reticulated system but 
the Council does encourage all new systems to consider the six values of  ecology, landscape, recreation, heritage, 
culture and drainage (Christchurch City Council, 2010). It is then released into the closest stream or river without 
any quality or quantity control. Diffuse pollution in urban catchments is an acknowledged problem associated with 
stormwater runoff  (MWH New Zealand Limited, 2008). Yet to date (March 2011) the City Council have done little 
research into retrofitting large areas of  existing development within the city boundary with LIUD structures that 
help mitigate the diffuse pollution produced by these areas (Christchurch City Council, 2009).
Integrated stormwater management through the use of  low impact urban design structures is an appropriate 
management tool to use in the Avon River Catchment, as it provides multiple benefits to both the community and 
the environment. The LIUD systems that have been proposed in this research, provide for more areas of  natural 
vegetation. These can reduce peoples stress levels, provide more areas for natural play and create aesthetically 
pleasing recreational environments for residents. Many of  the proposed treatment systems are designed to make 
the stormwater system highly visible to improve the community’s awareness of  where their stormwater is going 
and the mitigation tools available to reduce stormwater pollution. Many of  these systems have been designed to 
improve the local environment by increasing vegetation levels, improving species diversity and creating larger areas 
of  connective habitat. 
The Avon River begins and finishes within the Christchurch City boundary and was chosen for its highly urbanized 
nature. Because the Avon River catchment is made up of  existing urban development, it places limitations on 
what LIUD systems can be retrofitted within the existing infrastructure. The case studies were used to establish if  
it is physically possible to retrofit LIUD systems within the Avon River catchment and if  so can they treat all of  
the stormwater produced by this catchment? There are numerous sub catchments that make up the Avon River 
catchment, all of  these sub catchments have a single discharge point directly into the Avon River or one of  its 
many feeder tributaries. The Swanns Road catchment was identified as a typical sub catchment as it has a single 
discharge point directly into the river and contains a number of  different land use types, such as residential, business 
and recreational. The residential, business and total site treatment case studies were used to assess the following 
questions: A) What is the best combination of  LIUD systems to use for each of  the different land use types, given 
their specific site parameters? B) What pollutant removal efficiency can be achieved by multiple systems?  C) Is it 
possible to treat all of  this stormwater to Environment Canterbury’s proposed discharge requirements?
10.1 Residential Case Study
The residential case study compared the use of  a wetland swale with that of  a grass swale. Swales were chosen as the 
most appropriate LIUD system to use for residential streets that have a twenty-meter or wider road boundary as they 
can be easily retrofitted within the road verges, while continuing to act as a stormwater transport network. Swales 
also make the path of  the stormwater highly visible to the local community, improving environmental literacy. The 
wetland swale was chosen as it best fits the sites parameters of  having very little slope, and a high groundwater table. 
The wetland swale also provides for more diverse habitat and higher pollutant removal efficiency. 
The wetland swale can only be retrofitted into streets that have a road boundary of  twenty meters or wider, as 
they are required to be a minimum of  seven meters wide. For streets that are narrower than twenty meters the 
grass swale is much easier to logistically retrofit, as it only requires half  the width of  a wetland swale. For streets 
that are particularly narrow, (ten meters wide) swales are not a viable option. These scenarios are based around 
the current transport preferences of  individuals remaining the same, as such design standards for streets layout 
also remains the same. More design options would be available for retrofitting integrated stormwater systems if  
the on-street parking is removed or reduced along with a reduction in the width of  the carriageway. As wetland 
and grass swales are primarily transport systems they can handle an indefinite amount of  stormwater, but as water 
levels increase the removal efficiency can decrease as the filter function of  vegetation is inundated. The pollutant 
removal efficiencies for the wetland swale proposed for Nicholls Street, which represents a typical residential 
street can remove an average of  sixty to seventy percent of  heavy metals and suspended solids respectively. This 
means that on average thirty to forty percent of  pollutants remain in the stormwater after the initial treatment, 
these levels could be higher with larger storm events. For the remaining pollutants to be removed, stormwater 
would need to pass through a secondary treatment system before being discharged into the river network.
There are a number of  areas that could do with more research to further increase the knowledge on the treatment 
of  stormwater produced by a residential street. There is currently no data or information provided within the 
Christchurch City Councils Waterways, Wetlands and Drainage Guide Part B that encourages the use of  wetland swales 
as a viable LIUD system to use in either green-field or existing urban areas. Further research is needed to establish 
what the actual cleaning efficiencies of  a wetland swale would be so that this information could be provided within 
the City Councils Waterways, Wetlands and Drainage Guide Part B allowing developers to establish what potential 
removal efficiencies could be achieved if  they implemented wetland swales. Grass swales are considered within 
the Waterways, Wetlands and Drainage Guide Part B and have their own treatment efficiency provided. More research 
is needed into using native turf  species to help improve the plant and insect diversity and its habitat potential. 
If  habitat potential and species diversity of  grass swales could be increased, grass swales would provide a viable 
option for retrofitting into streets that are narrower than twenty meters. For those streets that are particularly 
narrow and provide very little room for the implementation of  any LIUD system, more research is needed into 
particular LIUD structures allowing stormwater to be treated as close to the source as possible.
As there are a significant number of  residential streets with a twenty meter wide road boundary, it would be 
possible to retrofit a large number of  these streets with wetland swales, especially those that already have a 
narrow carriageway and large grass verges. As much of  the Avon River catchment is made up of  residential 
streets, the retrofitting of  these streets with wetland swales would have the greatest impact on the overall water 
quality being discharged into the Avon River. Swales can also be implemented as stand-alone systems in the 
short-term, so that as streets and stormwater networks are upgraded throughout the catchment, they can be 
designed to eventually form a fully integrated approach when combined with other LIUD systems. This would 
require an overall management plan that sets out the acceptable systems to use when retrofitting certain aspects 
of  the catchment at one time. The implementation of  wetland swales throughout the catchment would also see a 
significant increase in the amount of  native habitat and vegetation throughout the Avon River Catchment, at the 
same time as making the entire water cycle more visible to the general public.
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10.2 Business Case Study
The second case study considers the best LIUD systems available to retrofit large and small car parks within 
business sites. Depending on the size of  the car park and the land available for retrofitting, there are a number 
of  options that can be considered. Case study two compared the cleaning abilities of  rain gardens with that of  a 
combined system, using partially vegetated swales, detention basins and a wet-pond. Rain gardens were identified 
as the best LIUD system to use when retrofitting business areas and large car parks as they require the least amount 
of  surface area and provide the highest pollutant removal efficiencies. This is important as many business sites 
have very little free land available to implement LIUD systems; they also tend to have the highest percentage of  
impervious surfaces. As many existing business areas already include garden beds. Retrofitting these gardens to 
become stormwater treatment systems does not require the loss of  any further land. 
Rain gardens have the ability to remove an average of  seventy-five to eighty percent of  heavy metals and suspended 
solids from stormwater produced by business sites. The rain gardens designed in case study two are able to treat an 
indefinite amount of  stormwater, but as with the swales, the larger the volumes of  water infiltrating through the 
system the lower the removal efficiency becomes due to the over saturation of  the filter material. For this reason 
rain gardens should be connected with other secondary treatment options such as swales and detention basins to 
further increase their cleaning abilities, especially for large storm events. Because rain gardens require less surface 
area, they can be retrofitted into car parks without losing extensive areas of  parking and compromising the City 
Councils parking requirements. The Christchurch City Councils, City Plan sets the parking requirements for business 
areas based on the amount of  lease-able floor area. For large business such as the Richmond Working Men’s Club, 
this requires extensive areas of  parking that are only used for special occasions, remaining empty the majority of  the 
time. Car parking requirements should be designed to meet everyday usage, rather than the maximum level. 
Large car parks often have low traffic volumes and a high percentage of  impervious surfaces, which significantly 
increase the volumes and velocity of  stormwater runoff  leaving these sites. The introduction of  pervious pavement 
options, such as porous asphalt, pavers and reinforced turf  grass provides opportunities to increase the infiltration 
and decrease runoff  velocity. Depending on how these systems are designed and maintained, pervious pavement 
options can also act as a filter removing some of  the pollutants accumulated in stormwater runoff. Pervious 
pavement systems are especially effective in areas with low traffic volumes, such as overflow parking and areas of  
on street parking, making them a perfect tool when maintained regularly for retrofitting into urban areas that have 
a high percentage of  impervious surfaces.
Business areas such the Richmond Working Men’s Club and the Richmond shopping centre have a number 
of  buildings with large flat roofs, which provide perfect conditions for extensive green roofs. Green roofs are 
recognized throughout the world as being valuable LIUD systems to reduce stormwater runoff  quantities as they 
can be easily retrofitted onto existing roof  structures. With the recent earthquakes in Christchurch City there will be 
a number of  commercial buildings that need further structural reinforcing. This provides the perfect opportunity 
to incorporate an extensive green roof  onto a building that is being reinforced. 
Rain gardens, pervious pavements and green roofs are currently not considered by the Christchurch City Council’s 
Waterways, Wetlands and Drainage Guide Part B and therefore cannot be considered as a stormwater treatment option 
when seeking resource consent to discharge stormwater from a business site. More research is needed into the 
cleaning efficiencies of  all three of  these treatment options under Christchurch’s climatic conditions before the 
council can begin to consider them as viable treatment options. Once these efficiencies have been established, rain 
gardens, pervious pavement and green roof  systems should become a viable option for retrofitting large areas of  
impervious surfaces throughout urban Christchurch. If  these systems were recognized by the Waterways, Wetlands 
and Drainage Guide Part B, then their implementation could be encouraged by the City Council through the resource 
consent process.
If  rain gardens were implemented throughout business sites in the Avon River catchment to treat surface water 
runoff  before it is discharged, then they could significantly decrease the amount of  diffuse pollution being 
discharged into the stormwater network and ultimately the Avon River network. Car parks and other areas 
of  impervious surfaces are large contributors to diffuse pollution and stormwater runoff  throughout urban 
environments. The introduction of  pervious pavement options and green roofs would also help to significantly 
reduce the percentage of  impervious surfaces throughout the catchment, mostly in areas where there is not 
enough room to incorporate larger treatment systems on the ground plane. The reduction in the amount of  
impervious surfaces throughout the Avon River catchment, would help to significantly reduce the amount of  
stormwater that needs to be treated, especially for larger storm events such as a one in fifty year event.
10.3 Total Site Treatment
The third case study compared two treatment systems for treating all of  the stormwater produced by the Swanns 
Road catchment. The first option considered a constructed wetland/detention basin system that had been 
retrofitted into Richmond Park. The second option considered, was a number of  small LIUD systems distributed 
throughout the entire catchment, such as detention basins, rain gardens and swales. Both of  these systems have 
very simular treatment efficiencies, expect in the situation of  large storm events where the small-distributed 
option provides a much higher treatment efficiency than the single wetland/detention basin can. The best option 
for treating all of  the stormwater produced by the Swanns Road catchment would be to combine both the 
wetland and small-distributed systems to form a fully integrated approach. This combined system would achieve 
the highest treatment efficiencies, while also providing the greatest habitat and recreational benefits. 
With primary treatment of  eighty-six percent of  all the stormwater produced by the Swanns Road catchment 
using small-integrated systems, with a further sixty-four percent receiving secondary treatment in the wetland 
detention basin system, LIUD systems can only remove on average fifty percent of  the pollutants. With both 
systems combined, fourteen percent of  the stormwater produced by the catchment remains untreated. This is 
because some streets within the catchment are not wide enough for the implementation of  LIUD systems. In one 
particular areas of  the catchment, where the residential streets were too narrow to implement a LIUD system, 
houses had to be removed to provide enough land area for a larger treatment system that could capture and 
treat all of  the stormwater produced by that particular area. If  the peoples dependence on cars were decreased 
while increasing alternative modes of  transport the amount of  surface area required by roads could be decreased 
which in turn would provide more land for integrated stormwater systems. Because the combined systems can 
only remove an average of  fifty percent of  all pollutants produced by the Swanns Road catchment, it would not 
be physically possible to remove enough of  these contaminates to meet Environment Canterbury’s proposed 
discharge requirements. The combined systems would need to remove an average of  ninety-eight percent of  all 
pollutants produced, to meet these discharge requirements. 
The fact that fourteen percent of  the stormwater produced by the Swanns Road catchment remains untreated, 
indicates that it is not physically possible to retrofit the Avon River catchment with LIUD systems to treat all of  
the stormwater produced using council owned lands. For one hundred percent of  stormwater to be treated, the 
overall amount of  stormwater and pollutants produced by the catchment would need to be significantly reduced. 
For this to be achieved, the amount of  stormwater discharged into the streets by residential properties would 
need to be minimised. If  the stormwater runoff  produced by residential roofs and other impervious surfaces 
could be treated on each individual property, then the quantity of  water having to be treated by public systems 
would be significantly reduced. To discharge stormwater from residential properties into any system other than 
the existing reticulated network requires resource consent, as it is not a permitted activity.
There has been a large amount of  damage sustained by many of  the roads throughout the Swanns road catchment. 
This damage had been predominately caused by liquefaction destabilizing the road surface and substructure. In 
many cases this has resulted in uneven levels and damaged surfaces. This has caused sections of  the existing 
stormwater network to no longer function as intended, with stormwater pooling in the streets unable to drain 
away. The road network will require a significant amount of  work in the future,  providing the perfect opportunity 
for the City Council to make changes to the existing street layout and design of  its stormwater infrastructure.
The second earthquake caused significant damage to underground infrastructure such as the wastewater network 
and reticulated water supply. There is a high likelihood that the stormwater infrastructure has also been damaged 
with a significant amount of  silt and sand deposited within the stormwater network. This silt and sand is the 
product of  liquefaction deposited on  impervious surfaces which is being washed into the stormwater network 
by every rain event that follows. If  open air structures such as swales were in place, checking and cleaning the 
stormwater network would be far easier. A good example of  where this has happened is in the Disraeli Reserve 
were large deposits of  silt and sand can be seen in the open aired section of  an ephemeral stream. Easy access to 
the stream bed allows for the removal of  excess sediment that has been detained.
Figure Sixty-seven: 
Raised footpath. 
Figure Sixty-eight: Damage to Nicholls Street. Figure Sixty-nine: Pooling of  stormwater on 
Siddal Street. 
Figure Seventy: Pooling of  stormwater on 
Pavitt Street. 
Figure Seventy-four: Sediment deposits 
in the Disraeli Reserve
Figure Seventy-one:  
Concrete inflow weir
Figure Seventy-two:  
Bridge crossing the 
sediment laden stream
Figure Seventy-three: Bottom of  the 
stream covered in silt and sand
Figure Seventy-five: What the bottom of  
the stream should look like.
The City Council benchmarks that were used to help establish levels for the residential and business site case 
studies were based on the benchmark levels prior to the September earthquake. These levels may have changed due 
to land destabilization.  The designs for the business case study was also completed prior to the first earthquake 
occurring and does not take into account the building that was demolished. As these sites are redeveloped and 
fixed post earthquake, there is an opportunity for integrated stormwater management to be included within 
streets as well as buildings that need to be structurally reinforced.
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10.4 Epilogue Implications from the Christchurch earthquakes 
While this research was being undertaken, Christchurch City was significantly impacted by two major earthquakes. 
A seven point one magnitude earthquake struck on the 4th of  September 2010 and caused medium to sever 
structural damage throughout Christchurch, this resulted in the building on the corner of  Stanmore Road and 
Avalon Street being demolished. There was a second six point three magnitude earthquake on the 22nd of  
February 2011.This second earthquake caused severe structural damage throughout Christchurch, but more 
importantly, generated a significant amount of  liquefaction and damage to underground infrastructure throughout 
the Swanns Road catchment and surrounding suburbs.
Figure Sixty-three: Block of  shops 
damaged after the first earthquake. 
Figure Sixty-four: Empty lot after 
demolition. 
Figure Sixty-five: Damage to the 
Richmond Working Men’s Club. 
Figure Sixty-six: Damaged Methodist 
church. 
More research and design options are needed as well as which variables (i.e. Parking requirements) may be altered  in 
residential properties to establish what LIUD systems would be most appropriate for the use in residential properties 
and how these systems can be implemented and maintained. In some areas of  Christchurch City stormwater can 
be discharged into underground infiltration tanks, but this option is not acceptable in areas that have a high ground 
water table, such as the Richmond suburb.
Integrated stormwater management is needed in Christchurch City, as it is comprised of  mostly existing urban 
development, which produces a significant amount of  diffuse pollution. Using integrated stormwater management 
throughout catchments, reduces the need for larger treatment systems while also providing a number of  benefits to 
the local community and environment by treating stormwater as close to the source of  runoff  as possible. Through 
the literature reviewed within this thesis, it is clear that the cleaning abilities of  particular LIUD systems, such 
as swales, constructed wetlands and detention basins are well known and accepted. A large amount of  technical 
research has been conducted into the cleaning abilities of  particular systems and how best to implement them. 
There has been less research into how these singular systems function as part of  an integrated system throughout an 
entire catchment and what their cleaning abilities would be when combined. The research that has been conducted 
in this thesis helps to expand the knowledge on integrated stormwater management and how it can be applied in 
retrofitting existing urban development and what its potential cleaning abilities would be.
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Appendices
Appendix One: Stormwater modelling for the First flush Volume 
The following equations were used to establish how much stormwater was produced by the Swanns Road 
catchment and each of  the case study sites in a first flush event. The following information has been taken from 
Chapter six of  the ‘Waterways, Wetland and Drainage Guide part B’  pages 7-8. The City Council recommend using 
the following equations:
Determination of  First Flush Volume
 Aeff  = im % A (ha)    Equation (page 2)
Where im % =   The catchment percent effective impervious area. The pervious catchment    
 area is ignored as it rarely contributes to the first flush volume.
A = Full catchment area (ha)
Determine First Flush Volume, Vff
 Vff  = 10 Aeff  dff  (m
3)    Equation (page 3)
Where dff  =  first flush rainfall depth (mm) 25 mm is recommended
 
Appendix Two: Stormwater Modelling One in Five and One in Fifty Year Flood 
Events
Christchurch City Councils ‘Alternative two: value rational method’ was used to establish how much 
stormwater was produced in the one in five and one in fifty year flood events for the Swanns Road 
catchment and each case study site. This method deals separately with the pervious and impervious parts 
of  the catchment. All of  the information, equations and tables shown in the following page have been 
taken from chapter twenty-one, pages 7-8 in the ‘Waterways, Wetland and Drainage Guide part B’. The 
following pages explain in further detail how this method was used and where the relevant variables came 
from.
Alternative two-value rational method
1) Determine the catchment area contributing to the discharge point (A
Total
)
2) Determine the pervious and impervious areas or the area percentages of  the catchment.
 Then pervious area:
 
 A
pv
 = pv % X  A
total
/100    Equation (page 5)
 Then impervious areas:
 Aim = im % X  Atotal/100   Equation (page 6)
3) Determine T
c
. Assume this is equal to the design storm duration (D). The design storm durations      
    were selected from the ‘Waterways, Wetland Drainage Guide part B’ appendix 10: Christchurch Rainfall    
    Intensities 
4) Look up the Christchurch Rainfall Intensities Chart, given the Storm Duration (D), and Return  Period       
   (T), to obtain the design rain fall Intensity (i).
5) Using Table 21-8 to obtain the runoff  coefficient Cp and Ci for the pervious and impervious portions of   
    the catchment.
Table 21-8: Return period (T) and corresponding pervious (Cp) 
and impervious (Ci) surface runoff  coefficients.
T Cp Ci
5 year 0.10 0.50
10 year 0.17 0.63
20 year 0.24 0.76
50 year 0.30 0.90
6) Adjust Cp for ground slope and soil type using Table 21-5 and Table 21-6 
Table 21-5: Adjust factor for the runoff  coefficient (C) for particular soil types
Table 21-6: Adjustment factor for the runoff  coefficient (C) for particular soil types
7) Adjust Ci for ground slope using Table 21-5
8) Calculate the discharge (Q) using the following equation:
 Q = 2.78 (CpiApv + CiiAim)    Equation 21-8
Christchurch City Council. (2003b). Waterways, Wetlands and Drainage Guide, Part B: Design: Christchurch,  
  New Zealand: Christchurch City Council.
Appendix Three: Determining Contaminant Levels
The following equation shows how the pollution levels for the Swanns Road catchment and all of  the case 
studies were estimated. The equation uses the ‘Simple Method’ and is recommended for estimating the annual 
urban contaminate loads from developing areas. The method is intended for individual developments that are 
less than 250 hectares. The following equation can be found in chapter six of  the councils ‘Waterways, Wetland 
and Drainage Guide part B’ pages 6-5 - 6-6.
  
  L =  f  P C Kp A/100,000  (kg/yr)   Equation  (6-1)
Where  P = Rainfall depth (mm/yr). Adopt a mean annual rainfall of  650mm
   f  =  A correction factor for P for storms that produce no runoff. Adopt 0.85 for    
                 Christchurch
  C = Catchment runoff  coefficient for the site.
  Kp  = Flow weighted mean concentration of  pollutant in urban runoff  (mg/m
3).    
                    Use the values in Table 6-3.
  A = Total area of  site (ha)
Table 6-3: Recommended provisional mean concentration of  pollutants in urban runoff  
(Kp values) for Christchurch
Urban pollutants Flow Weighted Mean Concentration (Kp) Factor
g/m3 mg/m3
Suspended solids
Less than 10 ha         -
Greater than 10 ha    -
Construction             -
33 33,000
33-200 33,000 - 200,000
4000 4 x 106
Total phosphorous 260
Total Nitrogen 2500
Chemical oxygen 
demand (COD)
35,600
Biochemical Oxygen 
Demand (BOD)
7000
Zinc 400
Copper 50
Lead 75
Hydrocarbons 500
Average Grade Adjustment Factor for C
Flat to 1 in 20    0.0
1 in 20 to 1 in 5 + 0.1
1 in 5 or steeper + 0.2 
Predominant Soil Type Adjustment Factor for C
Peat / Clay + 0.05
Silt / Loam    0.00
Sand / Gravel - 0.05 
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Pollutant Removal Efficiency (%)
Treatment 
Systems
Solids Phosphorus Nitrogen BOD Trace 
Metals
Bacteria Comments
Grassed 
Swale
20-60 20-40 20-40 20-40 20-60 20-40 High potential for re-
suspension of sediment 
with any storm event.
Soakage 
Basin
60-100 40-80 40-80 20-60 40-100 60-100 Dependant on the 
extent of overflow 
permitted.
Dry 
Detention 
Basin
40-80 40-60 20-40 20-40 20-60 0-40 Efficiency in trace 
metal reduction is 
reduced for more 
soluble elements.
Extended 
Detention wet 
Pond
60-80 40-80 40-60 20-60 40-80 40-80 Sizing relative to 
runoff is volume 
dependant. Bacteria 
removal dependant on 
bird population for the 
system.
Wetlands 60-80 40-80 20-60 20-40 40-80 60-100 Removal includes 
soluble trace metals.
Bacteria removal 
dependant on bird 
populations attached to 
the system.
Appendix Four: Pollutant Removal Efficiency Rates
The pollution removal rates used in this thesis were based on the following table taken from the Christchurch 
City Councils ‘Waterways, Wetland and Drainage Guide part B’ chapter six page 10. An average for each removal 
rate was used to calculate the removal rates used in this thesis. As there is no data for rain gardens, the rates for 
soakage basins have been used instead. The removal rates for the wetland swale have been based on the rates 
shown for wetlands.
Table 6-6:Representive removal capacity of  treatment systems for a number of  urban pollutants of  concern. 
Adapted from Auckland (Hartwell & Silyn-Roberts 2002) and international (Schueler 1987) data
Note: The level of  pollutant removal will be subject to the level of  provisional of  treatment system volume or 
surface areas relative to catchment runoff. As a general rule, the higher the concentration of  in-flowing pollutants, 
the greater the degree of  removal.
Christchurch City Council. (2003b). Waterways, Wetlands and Drainage Guide, Part B: Design: Christchurch,  
  New Zealand: Christchurch City Council.
Appendix Five: Christchurch Rainfall Intensities (mm/hr)
Christchurch City Council. (2003b). Waterways, Wetlands and Drainage Guide, Part B: Design: Christchurch,  
  New Zealand: Christchurch City Council.
Appendix Six: Environment Canterbury Discharge Requirements
The following pages are the relevant water quality requirements set by Environment Canterbury in its ‘Natural Resources Regional 
Plan’, Chapter four-Water Quality, Schedule WQL1 Water Quality Classes and Zones of  Non Compliance Pages 266 to 270
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Environment Canterbury. (2011). Canterbury natural resource regional plan: Chapter 4: Water Quality. Retrieved 
09, 08, 2011, from http://ecan.govt.nz/publications/Plans/nrrp-chapter-4-operative-110611.pdf
